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Abstract 


"Hazard  Lake",  located  in  the  St.  Elias  Mountains,  Yukon 
Territory,  is  an  ice  dammed  lake  formed  by  the  surge  of  the 
Steele  Glacier  in  1966.  Since  1975  it  has  annually 
catastrophically  drained  by  means  of  a  sub-glacial  tunnel. 
During  a  four  week  field  season  in  1979,  the  final  stages  of 
lake  filling,  and  the  complete  lake  drainage  were  observed 
and  measured.  The  discharge  curve  produced  was  similar  to 
that  produced  by  Clarke  (1980b)  for  the  1978  event,  showing 
that  the  physical  parameters  controlling  the  flood  remain 
constant  through  time  and  supporting  the  floatation  model  of 
lake  drainage.  It  is  suggested  that  the  low  value  of  the 
Manning  roughness  coefficient,  n' ,  calculated  for  the  tunnel 
walls  by  Clarke  is  due  to  incomplete  closure  of  the  tunnel 
between  events  resulting  in  an  erroneous  input  to  the 
drainage  model.  A  model  for  the  historical  development  of 
ice  dammed  lakes  is  proposed,  and  tested  against 
observat ion . 

Lake  processes  were  investigated  while  the  lake  was 
filling,  and  these  suggest  that  the  lake  is  unstratified, 
and  the  major  inflow  stream  enters  as  underflow.  Sections 
examined  in  the  lake  bottom  after  drainage  show  the 
depostion  of  a  thick  bed  of  laminated  silts,  usually 
directly  overlying  gravels,  and  overlaid  by  cross  laminated 
and  massive  sands.  The  laminated  silts  are  interpreted  as 
being  deposited  by  underflow  during  the  nine  years  of  lake 
stability.  No  evidence  of  an  annual  cycle  is  seen  in  this 
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facies,  and  this  is  explained  in  terms  of  the  lake 


processes.  The  repeated 
to  produce  no  permanent 


filling  and  draining  cycle  appears 
sedimentary  record. 
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P late  1 ;  Hazard  Lake 

The  upper  photograph  shows  the  lake  on  the  morning  of  July 
9th,  rapid  drainage  already  commenced.  The  lower  photograph 
shows  the  empty  lake  basin  48  hours  later. 


I .  Introduction 


Glacial  lakes  formed  by  glacial  advance  have  the  potential 
to  empty  catastrophically  by  means  of  the  formation  and 
rapid  enlargement  of  a  sub-glacial  tunnel.  This  results  in  a 
huge,  sudden  and  unpredictable  increase  in  the  discharge  of 
streams  carrying  water  from  the  glacier,  a  significant 
environmental  hazard. 

Most  studies  of  the  g 1 aciol acustr i ne  environment  either 
concentrate  on  Pleistocene  deposits,  where  the  processes  of 
sedimentation  are  unknown,  or  in  modern  glacial  lakes  where 
processes  may  be  well  studied  but  access  to  the  resulting 
sediments  is  difficult.  This  particular  type  of  lake  enables 
the  processes  to  be  studied  whilst  the  lake  is  full  or 
filling,  and  the  sediments  to  be  well  sampled  after  drainage 
has  taken  place. 

This  study  reports  the  results  of  four  weeks  field  work 
in  July,  1979,  on  an  ice  dammed  lake  of  this  type. 

A.  Objectives  of  the  study 

The  major  objectives  were: 

1.  To  observe  and  measure  the  emptying  of  the  lake  with  the 
aim  of  testing  existing  models. 

2.  To  review  the  historical  development  of  this  and  other 
lakes  and  to  compare  them  with  a  history  predicted  by 
existing  models. 

3.  To  examine  the  processes  operating  in  the  lake  while 
full,  and  the  relationship  of  these  to  the  sediments 
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deposited,  examined  in  detail  after  drainage. 

4.  To  compare  results  with  existing  models  of  glacial  lake 
sedimentat ion . 

B.  Location 

Hazard  Lake  (an  informal  name:  it  has  also  earlier  been 
described  as  North  Fork  Lake  by  Sharp,  1947)  is  located  in  a 
tributary  valley  of  the  Steele  valley,  in  the  Yukon 
Territory  (UTM  reference  7 V  ET4291;  61  15'  24"N  ,140  12' 
30"S),  (Figure  1).  The  lake  is  retained  by  an  ice  dam  formed 
by  the  Steele  glacier  (formerly  known  as  Wolf  Creek 
glacier),  a  major  valley  glacier  over  forty  kilometres  long. 
The  lake  occupies  a  U  shaped  valley  surrounded  by  3,500  to 
4000  metre  peaks.  The  major  inflow  stream  is  Hazard  Creek,  a 
meltwater  stream  derived  from  a  number  of  glaciers  on  the 
slopes  of  Mount  Wood,  namely  the  Hazard  glacier  and  the 
Rusty,  Trapridge  and  Backe  glaciers  (Figure  2)  . 

The  St.  Elias  Mountains  are  a  major  range,  containing 
one  of  the  largest  icefields  outside  of  the  polar  regions, 
and  some  of  the  the  highest  mountains  in  North  America, 
including  Mount  Logan,  the  highest  in  Canada.  The  area  is 
extensively  glaciated,  with  a  number  of  very  large  valley 
glaciers.  A  large  proportion  of  these  glaciers  are  known  to 
surge;  that  is  on  occasion  the  flow  of  ice  increases 
radically,  causing  an  advance  of  the  toe  of  the  glacier. 

Thus  they  are  liable  to  dam  the  drainage  and  create  ice 
dammed  lakes.  Collins  and  Clarke  (1977)  estimate  that  over 
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F i qure  1 :  Locat ion  map 


The  scale  of  the  map  is  1:500,000.  (  from  NTS  sheets  1 1 SG 
and  11SF).  The  inset  shows  the  area  in  relation  to  Western 
Canada . 
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F iqure  2 :  Map  of  vicinity  of  1 ake 


Scale  is  1:50,000.  (from  aerial  photographs) 
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200  such  lakes  exist  in  the  north  east  part  of  the  St. Elias 
range  alone.  Hazard  Lake  was  formed  by  the  surge  of  the 
Steele  Glacier  in  1965-67  (Stanley,  1969,  Wood,  1972). 

C.  Bathymmetry 

Surveys  of  the  lake  were  carried  out  in  1974  and  1979. 
Results  of  the  earlier  survey  were  reported  by  Collins  and 
Clarke  (1977),  and  those  of  the  later  by  Clarke  (1980a,  b) 
(Figure  3).  The  lake  is  2.1  kilometres  long  and  has  a 
maximum  width  of  0.5  kilometres.  The  average  depth  is  16 
metres  and  the  1979  survey  shows  a  maximum  depth,  in  the 
vicinity  of  the  ice  dam,  of  100  metres.  The  estimated  volume 
is  20  million  cubic  metres.  .  The  lake  consists  of  three 
main  sections;  an  extensive  shallow  area  in  front  of  the 
large  delta  of  the  inflow  stream;  a  narrower  deeper  section, 
deepening  up  to  the  ice  dam;  and  a  narrow,  shallow  side  arm, 
which  contains  a  small  delta,  fed  by  meltwater  from  the 
Steele  Glacier.  The  major  inflow  stream,  Hazard  Creek, 
enters  the  west  end  of  the  lake,  and  three  minor  inflow 
streams  also  contribute  to  the  input,  all  building  small 
deltas.  When  full  the  lake  maintains  a  fixed  level  due  to 
the  presence  of  a  rocky  channel  adjacent  to  the  ice  dam 
which  acts  as  an  overflow  or  spillway,  forming  a  stream 
discharging  along  the  margin  of  the  Steele  Glacier. 
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F i gure  3 :  Ba thymmet ry 

The  scale  is  1:10, 000 
(after  Clarke  1980a) . 


of  Hazard  Lake 

and  the  contour  interval 


is  1 0  me t r 
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D.  Historical  development  of  Hazard  lake 

The  history  of  the  lake  has  been  outlined  by  Collins 
and  Clarke  (1977), and  Clarke  (1980a,  b),  using  aerial 
photographs,  published  work,  and  the  observations  of  field 
parties  working  in  the  area  (Table  1).  The  Steele  Glacier 

surged  in  1965-67  resulting  in  a  rapid  advance  of  the  ice 

front  and  a  thickening  of  the  ice  in  the  vicinity  of  Hazard 
Creek,  which  at  that  time  drained  along  the  margin  of  the 
Steele  Glacier.  This  resulted  in  the  damming  of  the 
drainage,  and  the  commencement  of  the  filling  of  the  lake. 
The  lake  reached  its  maximum  level  between  September  1966 
and  August  1967  and  remained  full  until  late  July  1975  when 
the  lake  drained  sub-g 1 aci a  1 ly  beneath  the  Steele  Glacier. 

The  lake  basin  was  observed  to  be  empty  in  August  1976  but 

probably  filled  and  emptied  earlier  in  the  year.  It  filled 
again  between  September  and  July  1977,  only  to  drain  between 
the  31st  of  July  and  the  5th  of  August  1977.  The 
filling-emptying  sequence  was  repeated  in  1978,  and  was 
observed  and  measured,  the  results  of  which  are  given  by 
Clarke  (1980a,  b).The  actual  emptying  of  the  lake  was 
witnessed  for  the  first  time  during  the  field  season  of 
1979,  when  rapid  drainage  occurred  over  the  9th  and  10th  of 
July.  Previous  to  these  recent  fillings  little  is  known. 

From  the  observations  of  the  first  parties  in  the  area  (Wood 
1936,1972;  Sharp, 1947),  and  aerial  photography  it  is  clear 
that  the  lake  basin  remained  empty  for  at  least  30  years 
prior  to  the  last  surge  of  the  Steele  Glacier,  and  was 
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Table  1 :  H i story  of  Hazard  Lake 


After  Clarke, 

1980b. 

DATE 

EVENT 

SOURCE 

Autumn,  1965 

Onset  of  surge  of  Steele 
g 1 acier ,  1 ake  basin 
empty 

A. S. Post 
photography 

August 

1966 

Basin  partially  filled 

Canadian  government 
photo  A19647-42 

September 

1966 

Basin  partially  filled 

Canadian  government 
photo  A 1 9739-35 

Sept  1966- 
Aug  1967 

Basin  full,  overflow 
operat i ng 

Canadian  government 
photo  A20 1 28- 1 3 

Summer  1970 

as  above 

photo  A2 1 523-77 

Late  July 

1975 

Tunnel  drainage 

R . B .  Campbel 1 

2-5  Aug 

1977 

Tunnel  drainage  after 
lake  completely  refilled 

W . A .  Wood  and 

R . B .  Campbe 1 1 

8  August 

1978 

As  above 

Clarke  ( 1980) 

11  July 

1979 

As  above 

wi tnessed  by 
author 

26  June 

1980 

Tunnel  drainage  after 
incomplete  filling 

G.K.C.  Clarke 
(pers.  comm.) 
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unaffected  by  the  small  surge  of  1940.  However  there  is 
clear  evidence  of  previous  fillings  in  the  form  of  terraces 
about  2-3  metres  above  the  present  maximum  lake  level,  which 
could  only  be  formed  as  part  of  a  previous  delta  at  a  time 
of  higher  lake  level.  Also  the  existing  delta  is  very 
extensive  and  would  appear  to  be  the  product  of  a  longer 
period  of  sedimentation  than  the  thirteen  years  of  recent 
fillings.  Dating  the  sediments  of  this  delta  could  lead  to 
the  dating  of  an  earlier  surge  of  the  Steele  Glacier. 
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Plate  2 :  view  of  1 ake  vicinity 

Hazard  Lake  viewed  from  summit  of  3000  m  peak  to  south 
of  the  lake.  The  lake  basin  is  empty  and  the  arrow  indicates 
the  ice  dam. 


II.  Review  of  previous  work 

The  phenomenon  of  catastrophic  drainage  of  ice  dammed  lakes 
is  common  and  is  noticed  wherever  such  lakes  exist.  Iceland, 
with  historically  a  relatively  large  population,  extensive 
glaciation,  and  a  long  literary  tradition,  possesses  a  good 
record  of  these  events.  The  Icelandic  language  has  the  word 
' jokulhlaup'  especially  to  describe  such  occurrences,  which 
indicates  their  importance  as  an  enviromental  hazard.  This 
word,  which  translates  literally  as  "glacier  burst",  is  now 
generally  used  in  English  language  literature.  Thorarinsson 
(1939)  suggests  that  the  earliest  account  of  these  floods  is 
found  in  Icelandic  literature,  a  description  of  the 
inexplicable  rapid  rise  of  a  river  blocking  the  path  of 
travellers  being  found  in  the  Sturlunga  saga  of  the  13th 
century.  Thorarinsson  was  able  to  trace  the  record  of  twenty 
eight  jokulhlaups  on  the  Skeidararsandur ,  from  the  end  of 
the  14th  century  onwards. 

Rabot  (1905)  catalogues  examples  in  the  Alps,  Norway, 
Iceland,  Spitzbergen,  Greenland,  and  the  Himalayas,  with  an 
emphasis  on  the  Alpine  examples,  where  jokulhlaups  have 
caused  extensive  damage  in  the  past.  For  example,  Rabot 
describes  the  floods  of  a  lake  impounded  by  the  Gretza 
glacier,  which  destroyed  600  houses  and  chalets  in  1595,  and 
cites  many  other  cases  in  which  stream  channels  were 
changed,  large  boulders  transported,  trees  uprooted  and 
property  destroyed.  Several  of  these  have  also  been  studied 
by  later  workers,  such  as  the  lakes  of  the  Vatnajokull  in 
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Iceland,  the  Gornersee,  Switzerland,  and  Strupvatnet, 

Norway.  This  early  work  reflects  the  distribution  of 
population  in  glaciated  areas,  but  increased  exploration  and 
interest  in  glaciology  has  lead  to  examples  being  described 
from  many  parts  of  the  world,  bearing  out  Rabot' s 
speculation  that  the  phenomenon  is  found  wherever  ice  dammed 
lakes  exist.  Norwegian  examples  are  discussed  by  Strbrn 
(1938),  Liestc6l  (1955),  Howarth  (1968)  and  Whalley  (1971). 
Patagonian  examples  are  described  by  Nichols  and  Miller 
(1952),  Greenland  by  Higgins  (1970),  Alaska  by  Lindsay 
(1966),  Stone  (1963a,  1963b),  Marcus  (1968);  the  Arctic  by 
Maag  (1963),  Brook  (1971),  and  Stone  (1975).  Canadian 
examples  are  Summit  Lake,  B.C.  studied  by  Gilbert 
(1971,1973),  and  Mathews  (1965,1973);  Tulsequah  Lake,  B.C., 
studied  by  Kerr  (1934)  and  Marcus  (1960),  and  Hazard  Lake 
i tse 1 f . 

A.  Descriptive  work 

Most  of  the  work  on  this  type  of  lake  has  been 
descriptive.  An  examination  of  the  work  reveals  the 
following  general  features. 

1.  Drainage  is  catastrophic,  usually  taking  from  a  few  days 
to  a  few  hours  from  the  observed  commencement  of 
drainage.  Most  records  of  the  drainage  are  based  on 
discharge  measurments  on  outflow  streams  at  the  toe  of 
the  g 1 aci er . 

2.  Drainage  is  repeated  a  number  of  times,  usually 
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annually,  but  the  lake  may  be  stable  for  longer  periods 
between  events. 

3.  Some  lakes  remain  stable  for  a  number  of  years  before 
the  first  drainage. 

4.  Drainage  is  either  by  means  of  a  tunnel  in  the  ice  at 
the  base  of  the  ice  dam,  or  by  erosion  of  the  ice  dam 
after  the  lake  overtops  the  dam.  The  length  of  the 
tunnel  formed  depends  on  the  distance  of  the  lake  from 
the  toe  of  the  glacier,  and  can  be  over  60  kilometres. 

5.  Drainage  is  not  always  complete,  with  the  outflow  being 
abruptly  halted  while  water  remains  in  the  lake. 

Examples  of  this  are  given  by  Bjornsson  (1975)  and 

Wha 1  ley  (1971). 

6.  Water  balance  calculations  confirmed  by  dye  tracing 
experiments  described  by  Gilbert  .(1971,1973)  show  that 
water  may  be  transmitted  from  the  lake  to  the  glacial 
drainage  system  up  to  three  months  before  catastrophic 
drainage . 

7.  Depths  of  lakes  lie  between  20  and  230  metres  although 
deep  lakes  are  rare. 

8.  The  nature  of  lake  drainage  depends  on  the  thermal 
conditions  at  the  base  of  the  glacier.  If  the  glacier  is 
frozen  to  its  bed  the  lake  will  tend  to  drain  by 
overtopping  the  dam  and  eroding  a  channel.  The 
subglacial  drainage  typical  of  jokulhlaups  only  takes 
place  if  the  glacier  is  wet  based  i.e.  if  a  thin  film  of 
water  exists  at  the  base  of  the  ice. 


* 
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B.  Geomorpho logical  effects  of  joKulhlaups 

Rabot  (1905)  indicated  that  it  was  likely  that 
jokulhlaups  were  very  frequent  in  periods  of  more  extensive 
glaciation,  and  little  attention  had  been  paid  to  their 
possible  effects  of  Pleistocene  sediments.  Seventy  years 
later  Embleton  and  King  (1975)  write 

"Although  present  day  jokulhlaups  have  been  studied 
in  Iceland,  Norway,  North  America  and  elsewhere, 
recognition  of  possible  Pleistocene  jokulhlaups  and 
their  effects  has  advanced  little" 

It  appears  that  there  is  now  an  increased  awareness  of  the 
potential  of  these  catastrophic  floods,  and  there  has  been  a 
reasonable  amount  of  work.  Clague  and  Mathews  (1973) 
produced  an  empirical  relationship  between  the  total  volume 
of  the  lake  (V)  and  the  peak  discharge  of  the  jokulhlaup  (Q) 
by  examining  discharge  records  of  modern  examples.  This 
was :  - 


Q  ( max  )  =  75  (V)0*67  (  1  ) 

where  Q  is  measured  in  cubic  metres/second  and  V  in  millions 
of  cubic  metres.  The  extent  and  depth  of  Pleistocene  ice 
dammed  lakes  can  be  estimated  by  the  distribution  and  nature 
of  the  sediments  deposited  in  them,  and  thus  the  maximum 
discharge  of  jokulhlaups  possibly  resulting  from  the  lake 
can  be  calculated.  Clague  (1974)  went  on  to  apply  this 


' 
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result  to  sediments  in  glacial  meltwater  channels  in  the 
Rocky  Mountain  trench,  B.C..  He  estimated  the  peak  discharge 
transporting  the  sediments  deposited,  and  compared  this  to 
the  discharges  expected  from  ablation  alone.  He  explained 
the  resulting  discrepancy  by  postulating  jokulhlaups  from 
glacial  Lake  Elk.  He  also  suggests  that  the  presence  of 
jokulhlaups  may  be  commonly  recognised  in  other  glacial 
meltwater  channels. 

Bretz  (1923)  examined  the  phenomenon  of  the  channeled 
scablands  of  Montana,  Idaho  and  Washington  and  suggested 
that  the  features  observed  there  represent  the  results  of 
huge  floods.  Later  work  by  Pardee  (1947)  and  Bretz  (1969) 
indicates  that  these  floods  could  be  caused  by  jokulhlaups 
from  glacial  Lake  Missoula.  Birkeland  (1964),  working  in 
Nevada,  used  the  hypothesis  of  jokulhlaups  from  glacial  Lake 
Tahoe  to  explain  the  transpor tat  ion  of  boulders  over  three 
metres  in  diameter.  More  recently,  in  a  study  of  the 
variation  of  grain  size  in  varves,  Shaw,  Gilbert,  and  Archer 
(1978)  suggested  that  the  exceptional  flows  of  jokulhlaups 
may  be  responsible  for  occasional  findings  of  sand  layers 
within  the  winter  layer  of  a  varve. 

Despite  this  increasing  interest  in  the  effects  of 
jokulhlaups  there  remains  much  work  to  be  done  in  assessing 
their  importance  as  a  Pleistocene  landforming  agent. 
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C.  Theories  concerning  the  initiation  and  propagation  of  the 
f  lood 

Any  hypothesis  concerning  the  phenomenon  is  constrained 
by  the  necessity  of  explaining  the  observations  of  the 
descriptive  work  outlined  above.  Rabot  (1905)  states: 

"The  causes  which  tend  to  form  rock  caverns  go  also 
to  the  formation  of  glacier  cavities,  namely,  the 
pre-existence  of  fissures,  erosion,  corrosion  and 
hydrostatic  pressure,  to  which  must  be  added  the 
action  of  air  above  32  degrees  Farenheit.  The  waters 
of  a  glacial  barrier  or  border  lake,  or  of  a 
subglacial  or  ice  pocket  lake  in  this  way  tend  to 
scoop  themselves  out  a  passage  through  the  mass  of 
ice  confining  them." 

This  explanation  fails  to  account  for  many  of  the  salient 
features  of  the  jokulhlaup,  most  importantly  failing  to 
account  for  the  catastrophic  and  cyclical  nature  of  the 
drainage . 

The  floatation  hypothes i s 

This  was  outlined  by  Stream  (1938)  and  Thorarinsson 
(1939),  and  is  based  on  the  fact  that  ice  is  less  dense  than 
water.  Thus  if  the  lake  water  attains  a  sufficient  level  the 
ice  barrier  will  float,  allowing  the  escape  of  lake  water  at 
the  base  of  the  dam.  Thorarinsson  outlined  the  physics  of 
the  problem,  stating  that  the  lake  level  7 D'  can  be  related 
to  the  ice  thickness  '  h'  in  a  loosely  defined  critical 
zone"  ("that  zone  of  the  barrier,  the  lifting  of  which  will 
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start  the  hlaup")  as  follows. 

Floatation  will  take  place  when  the  glaciostatic  (ice 
overburden)  pressure  becomes  equal  to  the  hydrostatic 
pressure.  The  glaciostatic  pressure  (Pi)  is  equal  to  hp .  g 
where  g  is  the  acceleration  due  to  gravity  and  p .  is  the 
dens i ty  of  ice. 

The  hydrostatic  pressure  (Pw)  is  equal  to  Dp^g  where  Jj  ^  is 
the  density  of  water. 

Thus  the  barrier  will  float  when 

Pi  =  Pw  (2) 

or 

Dpu,  g  =  hj>-  g  (3) 

thus : 

D  =  hj>.  (4) 

S'* 


Substituting  relevant  values,  it  is  found  that  the  barrier 
will  float  when  the  lake  level  attains  0.91  the  thickness  of 
the  ice  in  the  critical  zone.  This  is  a  simplified  relation 
and  takes  no  account  of  the  bed  and  ice  topography. 

Thorarinsson  points  out  that  there  are  two  variables 
controlling  the  initiation  of  drainage,  the  lake  level  and 
the  thickness  of  the  ice  dam.  Thus  ice  dammed  lakes  can  be 
used  as  an  indication  of  glacial  thickness.  For  example,  if 
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the  retaining  glacier  has  a  mass  balance  of  zero,  the  only 
variable  is  water  depth  and  a  joKu 1 h 1  a up  will  occur  every 
time  the  critical  lake  level  is  reached.  If  there  is  a 
positive  mass  balance,  the  required  critical  level  will  rise 
with  time  and  eventually  the  lake  may  not  drain 
catastrophically  if  there  exists  a  constraint  on  its  maximum 
depth,  as  is  the  case  at  Hazard  Lake.  If  there  is  a  negative 
mass  balance,  the  relevant  lake  level  will  decrease,  and 
eventually  the  lake  will  not  fill  at  a  1 1 . Thorar i nsson  thus 
suggests  that  the  occurence  of  jokulhlaups  and  the  lake 
level  required  to  produce  them  can  be  used  as  a  predictor  of 
past  glacial  regime,  and  attempts  to  estimate  the  extent  of 
Icelandic  glaciers  in  the  Saga  period  in  the  light  of  the 
records  of  jokulhlaups. 

The  i ce  deformat i on  hypothes i s 

Several  critisisms  were  leveled  at  the  floatation 
model.  Whalley  (1971)  felt  that  outflow  from  the  lake  would 
occur  as  a  basal  sheet  rather  than  as  a  localised  tunnel. 
Glen  (1954)  suggested  that  once  the  ice  dam  had  floated,  the 
escape  of  water  would  result  in  insufficient  water  remaining 
in  the  lake  to  keep  the  dam  afloat.  Thus  the  maximum  rate  of 
discharge  from  the  lake  would  be  equal  to  the  flow  entering 
the  lake  and  no  catastrophic  drainage  could  result.  Glen 
went  on  to  develop  an  alternative  model  for  the  formation  of 
the  tunnel,  based  on  the  deformation  character i st ics  of  ice 
under  stress.  Considering  the  situation  at  the  base  of  the 
ice  dam,  there  exists  a  vertical  compressive  stress  (Pi)  due 
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to  the  weight  of  the  overlying  ice  given  by:- 

Pi  =  9  (5) 

Also  there  exists  a  horizontal  stress,  normal  to  the  dam, 
equal  to  the  hydrostatic  pressure  (Pw).  Now: 

Pw  =  Dicu  9  (6) 

If  D  is  approximately  equal  to  h,  then  the  horizontal  stress 
exceeds  the  vertical  by  h  g  (j^  -j> .  ).  This  is  equivalent  to 
a  shear  stress  of  half  this  value  acting  on  planes  at  45 
degrees  to  the  horizontal.  If  this  stress  is  of  sufficient 
magnitude,  appreciable  flow  of  ice  will  occur,  leading  in 
time  to  the  breaching  of  the  ice  dam  at  the  base.  Using  the 
approximation  of  perfect  plasticity  suggested  by  Nye  (1951) 
and  a  yield  stress  of  one  bar,  Glen  calculated  that  this 
process  would  become  significant  at  depths  greater  than  200 
metres.  As  a  general  explanation  this  is  obviously 
inadequate  as  they  are  Known  to  occur  in  lakes,  such  as 
Hazard  Lake,  where  the  depths  are  much  less  than  this  value. 
Marcus  (1960)  also  pointed  out  that  the  time  required  to 
form  a  tunnel  of  any  length  is  unrealistic. 

Hypotheses  based  on  glacier  hydro  1 oqy 

Whalley  (1971),  working  on  the  glacial  lake 
Strupvatnet,  in  Norway,  rejecting  the  floatation  hypothesis 
on  the  grounds  that  no  perceptible  lifting  of  the  ice  dam 
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was  observed,  and  the  ice  deformation  model  as  the  lake  is 
shallow,  suggested  that  the  internal  drainage  system  of  the 
glacier  is  important  in  initiating  the  jokulhlaup.  He 
suggests  that  an  enlargement  of  the  drainage  system  during 
times  of  higher  discharge  as  described  by  Stenborg  (1969) 
taps  the  lake  as  it  becomes  hydraulically  connected.  It  is 
difficult  to  explain  the  connection  found  between  lake 
level,  glacier  thickness  and  draining  events  if  this 
mechanism  was  universal,  but  it  may  be  applicable  in  special 
cases.  Rothl i sberger  (1972)  found  that  he  could  explain  the 
drainage  of  the  Gornersee,  Switzerland  by  his  own  model  of 
the  glacier  hydrology.  The  piezometric  head  in  the  glacier 
varies  seasonally,  depending  on  the  discharge  through  the 
internal  drainage  system.  At  times  of  low  discharge  the 
piezometric  surface  lies  above  the  lake  level;  and  at  high 
discharge,  below.  Thus  the  lake  will  not  empty  at  times  of 
low  discharge  as  there  is  no  pressure  differential  acting 
away  from  the  lake.  The  hydrology  of  glaciers  is  poorly 
understood  but  it  seems  that  it  may  be  an  important  factor 
in  the  drainage  of  some  lakes. 

These  models  explain  the  initiation  but  not  the 
catastrophic  nature  of  the  drainage.  In  all  cases  it  would 
be  expected  that,  due  to  the  pressure  difference  between  the 
water  in  the  tunnel  and  the  glaciostatic  pressure,  ice 
deformation  would  tend  to  close  the  tunnel  when  formed. 
Hypotheses  i nvol vi nq  f r i ct iona 1  melting 


Liest^l  (1955)  proposed  a  mechanism  accounting  for  the 
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catastrophic  nature  of  the  drainage.  He  suggested  that  once 
a  passage  is  established,  the  turbulent  flow  of  water 
through  the  tunnel  would  cause  frictional  melting  of  the 
tunnel  walls,  thus  enlarging  the  tunnel  more  rapidly  than 
plastic  deformation  could  close  it  .  Mathews  (1973) 
considered  thermal  conditions  in  the  tunnel  more  closely  and 
suggested  that  of  the  potential  energy  lost  in  the  fall  of 
water  from  the  lake  to  the  toe  of  the  glacier,  initially, 
ninety  per  cent  is  available  for  the  melting  of  the  tunnel 
walls,  although  this  proportion  would  be  smaller  as  the 
tunnel  enlarged.  Mathews  derives  an  equation  relating  tunnel 
water  temperatures  to  melting  rates,  and  this  was  later 
improved  by  Gilbert  (1973).  This  mechanism  is  compatible 
with  either  the  floatation  or  the  ice  deformation  models  and 
answers  Glen's  critisism  regarding  the  continuity  of  flow  in 
the  floatation  model. 

J . F . Nye  (1976)  proposed  a  modification  of  the 
floatation  model,  derived  differential  equations  for  flow  in 
the  tunnel  leading  to  discharge:  time  relations  and  tested 
these  against  observation  using  the  detailed  survey  of  the 
ice  dammed  lake  Grimsvotn,  Iceland,  reported  by  Bjornsson 
(1975).  This  paper  represents  the  most  successful  attempt  to 
explain  the  phenomenon  of  jokulhlaups. 

The  modified  floatation  model 

This  modification  of  the  floatation  model  describes 
•  the  critical  zone  of  Thorarinsson  (1939)  precisely  by 
taking  into  account  the  bed  and  ice  topography.  Nye 
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defines  Zb  as  the  elevation  of  the  glacier  base,  Zh  as 
that  of  the  glacier  surface,  h  equal  to  Zh-Zb  is  thus 
the  glacier  thickness.  The  glacier  is  assumed  to  be  wet 
based  and  thus  the  existence  of  a  thin  film  of  water  at 
the  base  at  a  pressure  p  is  postulated.  If  s  is  a 
coordinate  measured  down  glacier  then  the  pressure 
gradient  at  the  base  is  given  by:- 


-  dcS/ds  =  -d/ds  |pw  g  Zb  +  P ) 


(7) 


If  p  is  defined  as  being  the  ice  overburden  pressure, 
then  :  - 

6  (  Zb  +$j  h  ) 


(8) 


Now  the  hydrostatic  pressure  due  to  the  lake  is  given  by 
<6  =  Zop  w  g  ,  where  Zo  is  the  elevation  of  the  lake  level 
above  the  toe  of  the  glacier.  Thus  the  seal  will  be 
broken  when  the  hydrostatic  pressure  is  equal  to  the 
maximum  value  of  the  glaciostatic  pressure,  when, 

d/ds  {  (  1  )  Zb  +Jk  Zh  }  =  0  (9) 


If  the  bed  and  ice  topography  are  known  then  the  value 
of  s,  and  thus  Zb  and  Zh  can  be  found  leading  to  the 
calculation  of  Zo  at  the  critical  point  by  equating 
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hydrostatic  and  glaciostatic  pressure. 

Nye  tested  this  model  against  the  survey  of 
Bjornsson  (1975),  and  found  that  drainage  took  place 
with  the  lake  level  20  metres  below  that  expected  (and 
40  metres  below  that  predicted  by  Glen's  model).  He 
explained  this  discrepancy  by  considering  the  effect  of 
the  ice  already  afloat  before  the  seal  is  broken.  This 
ice  has  a  bouyant  force  acting  on  it  and  since  it  is 
mechanically  connected  to  the  ice  in  the  region  of  the 
seal,  it  acts  as  a  bouyant  cantilever,  serving  to  reduce 
the  glaciostatic  pressure  at  the  base  of  the  dam.  The 
extent  of  this  action  is  limited  by  the  mechanical 
strength  of  the  ice,  and  Nye  using  the  assumption  of 
perfect  plasticity,  estimated  its  magnitude  as  being 
twice  the  yield  stress.  This  gives  a  pressure  reduction 
in  the  order  of  two  bars,  roughly  equivalent  to  the 
twenty  metres  of  water  required. 

Conditions  in  the  ice  tunnel 

Given  that  a  tunnel  can  be  formed,  Nye  goes  on  to 
examine  conditions  in  the  tunnel  as  water  flows  through 
it.  He  considers  two  main  effects  acting  on  the  tunnel, 
the  frictional  heating  and  melting  of  Liestbl  (1955), 
and  plastic  deformation  acting  to  close  the  tunnel. 
Firstly  he  derives,  from  thermodynamical  principles,  a 
series  of  differential  equations  describing  the  geometry 
and  flow  of  ice,  the  continuity  of  the  system,  the  flow 
of  water,  the  energy  of  the  system,  and  heat  transfer . 
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Using  the  results  of  Roth  1 i sberger  (1972)  and  Shreve 
(1972),  it  is  assumed  that  the  escape  of  water  from  the 
lake  will  take  the  form  of  a  single  channel  at  the  base 
of  the  glacier.  To  obtain  equations  describing  the  main 
part  of  the  jokulhlaup,  the  simplifying  assumption  that 
the  plastic  deformation  of  the  ice  is  negligible  during 
this  phase  of  the  drainage  is  made.  This  is  justified  on 
the  grounds  of  goodness  of  fit  of  the  results  to 
observation.  Simplifying  the  original  equations  he 
arrives  at  the  following  equation: - 

dQ/dt  =  K  Q1  25  (10) 

where  Q  is  the  discharge,  t  is  time,  and  K  is  a  value 
that  is  a  function  of  position  and  time.  It  can  be  shown 
that  K  (a  measure  of  tunnel  roughness)  is  essentially 
constant,  and  if  t=0  is  chosen  as  the  time  at  which  Q 
becomes  theoretically  infinite,  and  Q  is  the  average 
discharge  over  the  length  of  the  tunnel,  then  the 
equation  can  be  integrated  to  give:- 

Q  =  (  -4  /  Kt)4  (11) 

Thus  the  exponential  increase  in  discharge  is  well 
explained.  If  this  equation  is  compared  to  the  record  of 
the  jokulhlaup  of  1973  obtained  by  Rist  (1974)  an 
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extremely  good  fit  of  observation  to  theory  results,  A 
regression  of  ln(Q)  against  ln(-t)  gives  an  exponent  of 
-4 . OfttO .  06  ,  and  realistic  values  for  K 
Closure  of  the  tunnel 

Gr lmsvotn  is  one  of  the  examples  in  which  the 
jokulhlaup  terminates  before  the  reservoir  is  exhausted. 
Nye  states  that  the  cause  of  closure  is  a  rapid  increase 
in  the  rate  of  plastic  deformation  of  the  tunnel  walls. 
The  magnitude  of  the  force  acting  on  the  tunnel  walls  is 
dependent  on  the  pressure  difference  between  the  water 
in  the  tunnel  and  the  glaciostatic  pressure  of  the 
overlying  ice.  As  the  lake  level  drops  and  the 
jokulhlaup  approaches  a  peak  the  pressure  in  the  tunnel 
drops  rapidly.  Nye  shows  that  the  rate  of  plastic 
deformation  of  the  tunnel  walls  is  proportional  to:- 

{1  +  (t,0/t/)3}3  (12) 

where  V  is  the  time  remaining  before  the  discharge 
becomes  theoretically  infinite  (equal  to  -t).  Thus  the 
deformation  rate  initially  remains  fairly  stable,  as  the 
quantity  t'0/V  is  close  to  1,  but  increases  rapidly  as 
t  becomes  small,  the  rate  being  approximately 
proportional  to  t'c  /  t'  to  the  ninth  power.  At  this 
point  the  jokulhlaup  will  terminate  when  the  rate  of 
closure  by  ice  deformation  overcomes  the  enlargement  due 
to  melting.  This  point  is  not  always  reached  before  the 
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reservoir  is  exhausted  but  in  the  cases  where  the  lake 
drains  completely  the  tunnel  will  close  if  the  flow  of 
water  through  the  tunnel  (the  discharge  of  the  input 
streams)  is  insufficient  to  maintain  a  high  enough 
melting  rate  to  overcome  plastic  deformation.  If  this 
closure  does  not  occur  immediately  it  will  usually 
follow  in  the  fall  when  the  discharge  of  the  streams 
drops  as  freeze  up  progresses. 

Thus  Nye  identifies  three  phases  in  the  propagation 
of  the  jokulhlaup. 

1.  The  dam  is  breached  when  a  sufficient  lake  level  is 
reached,  and  flow  commences  in  the  tunnel.  At  this 
point  plastic  contraction  of  the  tunnel  and 
expansion  by  melting  are  of  the  same  order  of 
magnitude.  However,  Nye  shows  that  the  situation  of 
a  tunnel  draining  a  reservoir  at  fixed  pressure  is 
essentially  unstable  and  this  leads  to  the  next 
stage . 

2.  In  this  phase  the  melting  rate  far  exceeds  the 
plastic  closure  of  the  tunnel,  giving  rise  to  the 
full  catastrophic  flood  of  the  jokulhlaup,  the 
discharge  of  which  can  be  approximated  by  the 
equations  given  earlier. 

3.  In  the  final  phase  the  plastic  deformation  rate 
rapidly  increases  to  overtake  the  melting  rate  and 
close  the  tunnel . 

Nye  has  developed  a  comprehensive  model  which  seems  to 
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well  explain  the  main  features  of  the  Grimsvotn 
jokulhlaup  and  should  have  general  application. 

Clarke  (1980a,  b)  attempted  to  generalise  these 
results  by  applying  the  model  to  further  measured 
jokulhlaups,  the  July  1978  event  at  Hazard  Lake  and  the 
1965  and  1967  events  at  Summit  Lake  B.C.  He  generalised 
the  model  by  considering  the  effects  of  reservoir 
geometry  on  the  jokulhlaup.  He  was  also  able  to  include 
the  effects  of  plastic  closure  on  the  tunnel.  Clarke 
makes  a  number  of  assumptions 

1.  The  crucial  part  of  the  tunnel  in  controlling  the 
char acter i s t i cs  of  the  flood  is  that  part  in  the 
region  of  the  seal  to  the  lake.  This  assumption  is 
justifiable  in  that  the  glaciostatic  pressure  which 
affects  the  rate  of  tunnel  closure  through 
deformation  is  at  a  maximum  at  this  point. 

2.  The  seal  is  considered  to  be  close  to  the  lake,  and 
thus  the  pressure  in  the  tunnel  is  approximately 
equal  to  the  hydrostatic  pressure  in  the  lake. 

3.  The  shape  and  roughness  of  the  tunnel  do  not  vary 
with  position  along  the  tunnel. 

4.  The  potential  gradient  in  the  tunnel  is  given  by  the 
average  over  the  length  of  the  tunnel  i.e.  the 
elevation  difference  between  the  lake  level  and  the 
toe  of  the  glacier  divided  by  the  distance  from  the 
lake  to  the  toe. 

A  major  departure  from  Nye  is  the  consideration  of  lake 


29 


geometry.  The  volume  is  related  to  the  discharge  by:- 

dV/dt  =  Qi  -  Qa  (13) 


where  t  is  time,  Qi  is  the  inflow  into  the  lake,  and  Qa 
is  the  flow  out  of  the  lake.  Qa  =  Qt  +  Qo  where  Qt  is 
the  volume  discharged  through  the  subglacial  tunnel,  and 
Qo  is  the  discharge  from  the  overflow  when  the  lake  is 
full.  Clarke  solves  the  equations  of  Nye  under  these 
conditions  with  the  additional  information  that  the 
volume  in  the  lake  (V)  may  be  related  to  the  lake  level 
(D)  by  the  equation: - 

D  /  Do  =  (  V/Vo  r  (14) 

where  Do  is  the  maximum  lake  depth,  Vo  is  the  maximum 
volume  and  m  is  dependent  on  the  geometry  of  the 
reservoir,  being  equal  to  1  for  a  vertically  sided 
reservoir,  and  smaller  as  the  slope  of  the  walls 
decrease.  The  results  of  this  simulation  are  to  produce 
an  estimate  of  the  only  unknown  parameter  in  the  model, 
the  Manning  roughness  coefficient,  n'  ,  a  measure  of  the 
roughness  of  the  tunnel  walls.  Nye  reports  a  value  of  n' 
of  0.12  m°  * 3  3s  for  Grimsvotn,  and  Clarke  obtains  values 
of  0.08  m° ' 3  3s  for  Summit  Lake,  and  0.009  riT° - 3  3  s  for 
Hazard  Lake.  The  expected  range  according  to  Nye  is  0.01 
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to  0.1  m° • 3  3s  ,  and  thus  the  value  for  Hazard  Lake  is 
supr i singly  low.  Clarke  (1980b)  states  that  it  might  be 
possible  to  obtain  such  a  value  for  a  polished  tunnel  of 
ice,  but  this  has  never  been  investigated 
experimentally.  He  also  suggests  that  this  low  value  may 
indicate  faults  in  the  input  of  the  model,  and  pinpoints 
the  potential  gradient  as  a  source  of  possible  error. 

The  assumption  that  the  entire  tunnel  is  closed  and 
reopened  every  year  may  be  incorrect,  and  thus  the 
potential  gradient  over  the  length  of  the  tunnel  might 
be  greater  than  that  used  in  the  model. 

Clarke  also  tested  the  model  by  fitting  the 
discharge  results  to  a  relationship: - 

Qt  =  c  (  Vo  -  V  )p  (15) 

where  c  is  a  constant  of  proportionality,  and  p,  a 
constant,  is  predicted  by  Nye' s  model,  if  tunnel  closure 
is  neglected,  to  be  1.33.  He  obtains  a  value  of  1.12  for 
p  at  Hazard  Lake,  again  possibly  explicable  by  the 
estimate  of  potential  gradient,  and  for  the  analysis  of 
the  Summit  Lake  events,  three  markedly  different  results 
for  the  three  jokulhlaups  studied.  Some  of  this 
variability  is  due  to  the  quality  of  the  data,  but 
definite  differences  exist.  If  the  Nye  model  is  correct, 
and  all  inputs  to  the  model  remain  the  same  then  the 
characteristics  of  the  floods  resulting  should  be 
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identical.  Clarke  suggests  that  these  inconsistencies 
may  be  due  to: 

1.  The  hydrological  conditions  in  the  glacier,  as 
described  by  Whalley  and  Roth  1 i sberger  above. 

2.  Tunnel  collapse,  and  engorgement  of  ice  and  other 
mater i a  1 . 

3.  Varying  degrees  of  closure  of  the  tunnel  from  event 
to  event . 

Clarke  concludes  that  calibration  of  the  Nye  model  is 
difficult,  in  the  light  of  the  apparent  variability  of 
n'  . 

Finally,  Clarke  investigated  the  relationship 
between  reservoir  geometry,  rate  of  tunnel  closure  due 
to  ice  deformation  and  peak  discharge.  He  shows  that 
termination  of  the  flood  through  plastic  deformation  is 
more  likely  in  a  steep  sided  reservoir  than  in  a  shallow 
sided  reservoir.  This  is  because  in  a  shallow  sided 
reservoir,  most  of  the  volume  is  stored  at  a  high 
elevation  in  the  lake  and  thus  the  hydrostatic  pressure, 
and  the  pressure  in  the  tunnel  will  only  fall  sharply 
towards  the  end  of  the  flood,  when  the  reservoir  is 
nearly  exhausted.  Thus  increasing  rates  of  creep  closure 
and  steep  reservoir  sides  serve  to  reduce  peak 
di scharge . 
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D.  Glacial  lake  and  delta  sedimentation 

Sedimentation  in  glacial  lakes  has  been  the  subject  of 
much  attention  in  the  past.  Accordingly  this  review  of  the 
literature  will  be  brief.  Most  of  this  work  has  been  related 
to  the  rhythmic  bedding  known  as  varving.  There  has  been 
much  discussion  over  the  mode  of  deposition  of  these 
sediments,  and  concerning  the  cyclical  variation  in  the 
depositing  agents.  The  suggestion  that  each  coarse-fine 
couplet  comprising  a  varve  represents  the  deposit  of  one 
year's  sedimentation  was  first  made  by  De  Geer  (1912),  who 
also  proposed  that  the  coarse  layer  was  deposited  by  current 
flow  along  the  lake  bottom  during  the  summer  months.  This 
flow  is  suggested  to  be  a  result  of  a  density  difference 
between  the  stream  water  entering  the  lake  and  the  lake 
water  caused  by  temperature  differences  between  the  two.  The 
fine  layer  is  deposited  from  suspension  during  the  winter 
when  inflow  ceases  due  to  freezing.  The  role  of  these 
density  flows  was  doubted  by  later  workers  such  as  Antevs 
(1931)  on  the  grounds  that  these  flows  had  not  been  observed 
to  occur  in  the  field,  and  also  many  lakes  did  not  possess 
the  temperature  stratification  required  by  the  hypothesis. 
Kuenen  (1951)  showed  that  density  flows  were  likely  to  occur 
in  glacial  lakes  as  the  density  differences  were  more  due  to 
suspended  sediment  content  than  temperature  differences. 
Field  measurements  showed  that  this  difference  was  usually 
high  enough  for  these  flows  to  occur.  Agterberg  and  Baner jee 
(1969)  recognised  three  genetically  seperate  parts  of  a 
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single  varve. 

1.  The  coarse  silt/sand  layer,  deposited  directly  from  the 
turbidity  current. 

2.  The  lower  part  of  the  clay  layer,  deposited  from 
suspension  as  the  turbidity  current  stagnates 

3.  The  upper  part  of  the  clay  layer,  formed  from  deposition 
from  suspension  over  winter  in  the  absence  of  further 
inflow. 

This  explanation  is  now  generally  accepted  as  the  mechanism 
of  deposition  of  these  sediments,  but  the  nature  of  the 
turbidity  currents  themselves  appears  to  be  variable. 

Gustavson  (1975)  observed  the  occurence  of  density 
currents  as  a  continuous  underflow  during  the  melt  season. 
However,  Gilbert  (1975)  stated  that  in  the  example  under 
investigation  major  density  flows  were  a  rare  event  occuring 
only  a  few  times  during  the  melt  season  and  were  probably 
due  to  slumping  of  material  from  the  delta  front.  Underflow 
was  an  intermittent  but  frequent  event.  The  continuous 
underflow  model  would  result  in  varves,  rhythmic  bedding 
that  is,  in  fact,  annual.  However,  if  underflow  is 
discontinuous,  then  it  is  possible  that  either  no  “varves" 
or  more  than  one  "varve"  may  be  deposited  in  a  single  melt 
season.  This  second  situation  may  be  rare;  the  annual  nature 
of  varves  in  thick  sequences  has  been  well  supported  by 
pollen  analysis,  and  by  radiocarbon  dating.  But  this 
possibility  does  exist  and  more  work  is  required  to 
del  ini  ate  the  conditions  in  which  the  two  types  of  underflow 
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occur.  Shaw,  Gilbert  and  Archer  (1978)  show  that  major  flow 
events  may  occur  in  the  winter  months  also,  resulting  in 
coarse  layers  within  the  'winter'  part  of  the  varve,  and 
further  complicating  the  situation. 

Sturm  (1979)  relates  the  nature  of  the  processes 
operating  in  the  lake  to  the  sediments  deposited.  The  main 
parameters  that  he  considers  are  the  mode  of  influx  of 
suspended  matter,  and  the  state  of  stratification  in  the 
lake.  Uniform,  continuous  influx  of  suspended  sediment  into 
a  lake  cannot  give  rise  to  varves  or  laminated  sediments  of 
any  kind.  Discontinuous  pulses  of  suspended  sediment  will 
give  different  results  according  to  the  state  of 
stratification  of  the  lake.  If  the  lake  is  unstratified, 
then  the  sediments  will  form  simply  by  settling  under 
Stoke' s  law,  and  will  be  laminated,  each  lamination 
reflecting  a  pulse  of  suspended  sediment  influx.  If 
stratification  exists  during  the  summer  months,  varves  will 
be  deposited.  Thus  this  model  allows  the  prediction  of 
sediments  deposited  under  known  hydrological  conditions  and 
vice  versa. 

Work  by  Wankiewicz  (1979)  suggests  that  wind  produced 
bottom  currents  may  be  important  in  glacial  lake 
sedimentation.  A  steady  wind  over  the  lake  surface  produces 
a  return  current  in  the  opposite  direction  on  the  lake 
bottom.  The  velocity  of  these  currents  may  be  estimated  and 
it  can  be  shown  that  moderate  winds  can  produce  a  current 
sufficient  to  maintain  material  as  coarse  as  silt  in 
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suspension . 

Thus  the  sediments  of  the  lacustrine  environment  are 
well  studied,  as  are  those  of  the  g 1 acio- f luvi a  1 
environment.  However  the  transition  between  the  two,  the 
deltaic  and  proximal  lacustrine  situation,  is  less  well 
understood.  In  this  situation  the  sediment  supply  is  greater 
and  the  system  is  more  sensitive  to  variations  in  flow 
strength  in  the  inflow  stream.  In  the  lacustrine 
environment,  only  the  annual  cycle  in  discharge  is  apparent, 
but  Gustavson,  Ashley  and  Boothroyd  (1975)  believe  that 
three  orders  of  cyclicity  in  discharge  may  affect  the 
deltaic  environment. 

1.  The  annual  cycle,  as  mentioned  above. 

2.  A  second  order  cycle,  related  to  short  term  weather 
changes,  from  a  few  days  to  a  few  weeks. 

3.  The  diurnal  variation  in  discharge  due  to  the  daily 
temperature  fluctuations. 

Thus  sedimentary  features  can  be  explained  in  terms  of  any 
of  these  three  variations  in  discharge.  Gustavson,  Ashley 
and  Boothroyd  went  on  to  examine  the  sedimentary  sequences 
in  g 1 aciol acustr i ne  deltas,  using  the  work  of  Jopling  and 
Walker  (1968),  and  recognised  a  repeated  sequence  of 
sedimentary  structures  which  they  relate  to  a  cyclical 
variation  in  discharge.  This  sequence,  lying  between  winter 
clay  layers  marking  one  years  deposition,  is  of  a  thin  unit 
of  type  B  ripple  drift  cross  lamination  overlain  by  a 
relatively  thick  unit  of  type  A,  which  grades  back  into  type 
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B,  itself  grading  into  draped  lamination.  This  reflects  the 
increase  and  subsequent  decrease  in  current  strength  over 
the  melt  season.  Ashley  (1975)  shows  how  these  deltaic 
sediments  can  grade  into  lacustrine  rhythmically  bedded 
deposits,  as  the  silt/sand  component  of  the  varve  thickens 
as  the  delta  is  approached.  Shaw  (1975)  explains  more 
proximal  sequences  in  terms  of  frequent  movement  of  the 
paths  of  distributary  channels  on  the  delta,  as  well  as 
discharge  variation. 

Thus  the  role  of  turbidity  currents  in  the  lacustrine 
environment  is  major,  although  the  extent,  frequency,  flow 
patterns,  initiation,  and  distribution  in  present  day  lakes 
needs  to  be  better  understood  before  lacustrine 
sedimentation  can  be  better  understood.  The  frequent 
variation  in  discharge,  the  changing  of  channel  position  and 
the  large  sediment  supply  leads  to  complexity  in  the  deltaic 
environment  that  does  not  easily  lead  to  a  simple,  generally 
applicable,  model.  It  appears  that  the  continuous  density 
flow  of  water  entering  the  lake  is  an  important  agent  in  the 
deposition  of  sediment.  This  can  be  integrated  with  models 
of  proximal  varve  formation  to  explain  the  grading  from 
deltaic  to  lacustrine  sediments. 


III.  Field  and  laboratory  methods 


A.  Field  work 

Measurement  of  1 ake  processes 

The  aim  of  this  part  of  the  study  was  to  gain  insight 
into  the  processes  operating  in  the  lake.  Measurements  were 
made  of : 

1 .  Lake  water  temperatures 

2.  Inflow  stream  water  temperatures 

3.  Stage  level  of  inflow  streams. 

4.  Current  strength  of  inflow  streams. 

5.  Suspended  sediment  content  of  inflow  streams. 

6.  Suspended  sediment  content  of  lake  water. 

7.  Lake  bottom  sediment  samples. 

A  sampling  grid  was  erected  for  use  in  investigation  of  lake 
bottom  sediments  and  water.  This  grid  was  constructed  so  as 
to  give  as  complete  a  spatial  coverage  as  possible  and 
consisted  of  six  groups  of  five  sites,  a  total  of  thirty 
(Figure  4).  Sampling  was  incomplete  in  the  field  due  to  the 
premature  drainage  of  the  lake.  Previous  indications  were 
that  the  lake  would  drain  around  the  end  of  July  but  the 
commencement  of  rapid  drainage  on  the  8th  of  July  meant  that 
a  complete  sampling  was  not  possible.  Navigation  on  the  lake 
was  by  a  system  devised  by  the  author.  Sampling  was  from  a 
rubber  boat  and  the  position  of  the  sample  sites  was  located 
using  a  system  of  double  marker  flags  on  the  shore.  A  number 
of  pairs  of  flags  were  placed  on  the  shore,  using  a  map 
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prepared  by  S. Collins,  T. Tight,  M. Smith  and  T . Berkstresser 
in  1974,  and  a  Brunton  compass.  Each  pair  of  flags  were 
placed  so  as  to  define  a  line  of  sight  across  the  lake,  and 
each  sampling  point  was  at  the  intersection  of  two  such 
lines.  Positioning  of  the  raft  on  such  a  line  was  made  using 
the  principle  of  parallax;  when  the  two  flags  appeared  to  be 
on  a  line  of  sight,  the  craft  was  on  the  line  defined  by  the 
flags.  The  flags  were  constructed  of  dowling,  survey  tape, 
and  orange  nylon  material  and  were  readily  visible  at 
distances  up  to  1.5  kilometres  if  binoculars  were  used. 
Positioning  using  this  method  was  very  precise,  to  within 
probably  2-3  metres  but  the  accuracy  is  very  dependent  on 
the  positioning  of  the  flags.  In  this  case  survey  techniques 
were  rudimentary,  but  with  better  methods,  this  technique 
could  prove  useful  for  work  on  small  lakes  with  a  small 
field  party. 

Samples  of  lake  water  were  collected  at  5  metre  depth 
intervals  using  a  Van  Dorn  sampler.  Temperature  of  the  water 
was  measured  by  simply  inserting  a  mercury  glass  thermometer 
(accurate  to  0.5  degrees  Celcius)  into  the  sample 
immediately  after  collection,  the  specific  heat  of  water 
being  high  enough  to  make  any  errors  due  to  cooling/warming 
of  the  water  by  the  air  or  shallower  water  negligible.  One 
liter  samples  of  water  were  collected  in  plastic  bottles  to 
be  later  analysed  for  suspended  sediment  content.  The 
original  aim  was  to  filter  these  samples  in  the  field  but 
the  filtering  apparatus  available  proved  to  be  inadequate 
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and  thus  the  number  of  samples  taken  was  limited  by  the 
number  of  bottles,  resulting  in  only  a  partial  sampling  of 
suspended  sediment.  These  samples  were  later  processed  in 
the  laboratory. 

Sampling  of  the  bottom  sediments  was  carried  out  using 
an  EKmann. grab  sampler.  As  mentioned  above  sampling  was 
limited  by  the  premature  disappearance  of  the  lake.  The 
sampler  in  general  worked  well,  but  was  adversely  affected 
by  sediments  coarser  than  sand.  In  these  circumstances  the 
sediment  prevented  the  full  closure  of  the  jaws  of  the 
sampler,  and  most  of  the  finer  sediment  escaped  as  the 
sampler  was  being  recovered.  The  sampler  was  emptied  into  a 
large  plastic  sample  bag,  and  the  sample  allowed  to  settle 
in  camp.  Excess  water  was  then  syphoned  off  and  the  sediment 
a  1  lowed  to  air  dry . 

A  stream  gauge  was  established  two  days  after  start  of 
field  work  and  monitored  daily.  The  stream  was  also  closely 
observed  for  a  continuous  period  of  thirteen  hours.  The 
stage  level  was  measured  and  suspended  sediment  samples 
taken  every  hour  and  the  strength  and  distribution  of  the 
current  flow  was  measured  over  the  period  of  an  hour  using  a 
Price  current  meter. 

Observat i on  of  1 ake  level 

The  lake  level  was  closely  monitored  using  a  simple 
survey  method.  On  arrival  at  the  lake,  a  simple  gauge, 
consisting  of  a  length  of  dowling  marked  in  centimetres,  was 
inserted  in  the  lake,  and  the  lake  level  measured  relative 
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to  an  arbi tary  zero  point.  When  drainage  commenced  this 
single  gauge  had  insufficient  range  to  cope  so  once  the 
level  fell  to  near  the  base  of  the  gauge,  a  second  gauge  was 
inserted  deeper  in  the  lake,  and  the  tendency  of  water  to 
lie  horizontally  used  to  level  between  them.  This  process 
was  repeated  as  the  level  continued  to  drop  but  became 
impractical  as  drainage  became  extremely  rapid.  At  this 
stage  drawdown  was  estimated  using  a  number  of  scaled 
photographs,  from  which  measurements  were  later  obtained. 
Samp  1 i nq  after  drainage 

Sampling  of  lake  bottom  sediments  commenced  soon  after 
drainage.  Twenty  two  sites  were  chosen  so  as  to  give  as  full 
a  coverage  of  the  lake  bottom  as  possible  (Figure  5).  No 
sampling  took  place  in  the  east  end  of  the  lake  where  steep 
sides  to  the  lake  led  to  slumping  and  washing  down  of  most 
sediment,  leaving  little  preserved.  Most  sampling  therefore 
took  place  in  the  west  end  of  the  lake,  and  choice  of  sites 
here  was  limited  by  the  semi -liquid  nature  of  the  bottom 
sediments.  The  sediments  had  a  high  water  content  and  were 
thus  very  mechanically  weak  making  work  on  them  difficult 
and  sometimes  hazardous.  However,  the  lake  bottom  was 
dissected  by  a  number  of  streams,  and  these  eroded  their  way 
through  the  bottom  sediments.  Along  the  banks  of  these 
streams,  the  sediments  lost  much  of  their  water  content, 
making  work  possible.  Twenty  two  sections  were  exposed  using 
a  shovel  to  trench  the  sediments,  and  these  were  measured, 
described,  photographed  and  sampled,  a  total  of  forty  four 
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samples  being  collected. 

B.  Laboratory  work 

The  sediment  samples  collected  with  the  EKmann  sampler, 
and  directly  from  the  lake  bottom  were  subjected  to  a  grain 
size  analysis,  using  a  combination  of  sieving  and  hydrometer 
methods,  and  procedures  reccommended  by  Krumbein  and 
Petti john  (1938)  and  Folk  (1959).  Suspended  sediment  was 
analysed  using  a  simplified  version  of  the  method 
recommended  by  0strem  and  Stanley  (1969).  The  ashing 
procedure  was  not  used,  the  filter  paper  simply  being 
weighed  before  filtering,  and  again  after  drying.  This 
method  is  likely  to  be  slightly  less  accurate  but  has  the 
advantage  of  being  rapid  and  requiring  less  equipment. 


IV.  Results 


A.  Lake  and  stream  processes 

The  factors  affecting  processes  investigated  were  lake 
and  stream  temperatures  ;  suspended  sediment  content  of  lake 
and  streams;  discharge  of  inflow  streams.  As  previously 
mentioned,  equipment  and  time  were  insufficient  for  an 
adequate  examination  of  these  factors  affecting 
sedimentation.  However,  using  the  results  obtained  in 
combination  with  previous  work  which  outlines  the  expected 
behaviour  over  time  of  glacio-f luvial  and  lacustrine  systems 
some  useful  order  of  magnitude  results  can  be  obtained. 
Temperature 

A  full  coverage,  as  originally  planned,  was  only 
possible  on  sample  grid  A,  sampling  on  other  grids  (B-E) 
being  limited  to  one  location.  The  results  are  summarised  in 
Figure  6,  and  tabulated  in  Appendix  4.  They  show  a  small 
range,  the  coldest  temperature  recorded  being  5  degrees,  at 
10  m  and  20  m,  sample  station  E2,  and  the  warmest,  7.5 
degrees,  at  the  surface,  station  A1.  Thus  the  lake  appears 
to  be  essentially  isothermal,  but  a  small  degree  of 
stratification  occurs  between  the  surface  and  deeper  waters. 
The  surface  water  is  1-2  degrees  warmer  than  the  water  at  5 
m.  There  is  a  discernable  trend  with  depth,  temperatures 
decreasing  slightly  with  depth  in  most  cases,  and  only 
increasing  in  one  example,  station  C2 .  The  magnitude  of  this 
effect  is  small,  however,  being  at  the  most  a  difference  of 
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FJ_gure  Graph  of  1  ake  temperatures  and  depth 


Temperatures  are  measured  in  degrees  centigrade, 
metres.  For  sample  locations  see  Figure  4.' 
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2  degrees.  There  is  also  a  trend  towards  sightly  cooler 
water  temperatures  at  depth  in  the  deeper  parts  of  the  lake, 
stations  E2  and  C2. 

The  temperature  of  the  inflow  stream  was  not  monitored 
closely  due  to  the  breakage  of  the  thermometer  during  field 
work.  However,  three  measurements  were  made  at  an  earlier 
stage.  These  were  all  taken  in  the  late  afternoon  and  show 
temperatures  of  5.5,  6  and  6.5  degrees  for  July  4th,  6th  and 
7th  respectively. 

Suspended  sediment ,  1 ake  water 

The  results  of  the  analyses  performed  are  summarised  in 
Figure  7,  and  tabulated  in  Appendix  5.  No  clear  pattern  is 
recognisable.  Sample  points  D2  and  E2  show  particularly  high 
sediment  concentrations  at  the  water  surface,  as  does  A2 , 
only  close  to  the  lake  bottom,  at  a  depth  of  10m.  Sample  B2 
showed  a  very  low  concentration  at  the  surface,  of  0.007 
grams/ liter.  Apart  from  these  apparently  anomalous  results, 
the  other  samples  were  similar  in  sediment  content,  showing 
no  consistent  trend  with  depth  or  position  with  regard  to 
the  main  sources  of  sediment.  It  is  worth  noting  that  the 
suspended  sediment  concentration  of  location  C2  increased 
close  to  the  lake  bottom,  as  did  the  water  temperature. 
Suspended  sediment ,  inflow  streams 

Appendix  6  gives  the  results  of  a  detailed  sampling  of 
Hazard  Creek  and  single  samples  from  the  three  largest 
streams  also  contributing  to  the  waters  of  the  lake.  Figure 
8  shows  the  variation  of  suspended  sediment  concentration 
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F i qure  7 :  Graph  of 


suspended 


sed i ment 


against  depth 


Suspended  sediment  is  measured  in  g/1  and  depth  in  metres. 
For  sample  locations  see  Figure  4. 
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with  time  in  Hazard  Creek,  on  July  18th.  There  is  a  general 
increase  in  concentr at i on  from  morning  to  afternoon,  with 
the  highest  values  being  recorded  between  14:00  and  16:00 
hours.  The  maximum  value  obtained  was  1.957  grams/ liter. 

This  is  in  agreement  with  the  results  quoted  by  Church  and 
Gilbert  (1975)  which  show  that  maximum  sediment 
concentration  precedes  maximum  discharge  by  a  few  hours  on  a 
given  day.  Figure  9  is  a  graph  showing  the  relationship 
between  suspended  sediment  concentration  and  stage  on  July 
18th,  and  it  appears  that  a  direct  relationship  exists.  The 
correlation  coefficient  for  this  relationship  is  0.86. 

The  suspended  sediment  concentration  for  the  minor 
streams  shows  a  high  range,  from  0.186  to  2.879  grams/liter. 
The  weather  on  July  8th  was  overcast  and  wet,  resulting  in  a 
higher  than  normal  sediment  content  in  these  streams. 

Stream  stage  and  di scharqe 

Measurements  were  made  on  four  inflow  streams,  Hazard 
Creek,  and  three  minor  streams  (Figure  3).  For  Hazard  Creek 
a  daily  record  of  stage  and  one  series  of  measurements 
leading  to  a  discharge  estimate  were  made.  Insufficient  time 
and  equipment  prevented  the  establishment  of  a 
stage/discharge  relationship.  For  each  of  the  minor  streams 
an  estimate  of  discharge  was  made  from  the  measurements 
obtained . 

Table  2  shows  the  results  of  the  discharge  estimates 
for  the  four  streams*.  Figure  10  shows  the  variation  in  stage 
over  the  twenty  three  days  that  the  level  was  monitored,  and 
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F iqure  8 :  Graph  of  suspended  sediment  against  t ime 


These  are  the  results  from  samples  taken  on  July  18th. 
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F igure  9 :  Graph  of  suspended  sediment  aqa i nst  stage 


Results  of  measurements  and  samples  taken  on  July  18th 
1979. 


Sediment  (g/1) 


Table  2 :  D i scharqe  resu 1 ts 


Location  Date  Time  Discharge 

(m3  /s  T 

Hazard  Creek  July  18  09.30  6.0 

Stream  1  July  8  13.20  0.21 

Stream  2  July  8  14.00  0.17 

Stream  3  July  8  16.00  0.39 


Stage  (metres) 
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F i qure  1 0 :  Graph  of  stage  aqa i ns t  t i me 


This  records  the  variation  in  stage  from  July  4th  to  25th. 
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Figure  11  shows  the  stage  variation  over  a  thirteen  hour 
period  on  July  18th.  These  results  are  tabulated  in 
appendices  7  and  8  respectively.  Examination  of  the  weather 
log  Kept  in  the  field  shows  that  high  stage  appears  to 
correlate  with  highs  in  temperature,  rather  than 
precipitation.  This  agrees  with  the  results  quoted  by  Church 
and  Gilbert  (1975)  that  most  of  the  variation  in  run  off  can 
be  explained  by  air  temperature,  this  being  the  most 
important  factor  in  melting  rates.  The  daily  measurements  of 
stage  were  made  between  15:40  and  19:00  hours,  and  an 
examination  of  Figure  11  shows  that  these  levels  must  be 
very  close  to  the  peak  for  that  day. 

Further  examination  of  Figure  10  indicates  that  the 
discharge  measurement  made  for  Hazard  Creek  was  made  at  a 
time  of  low  stage;  in  fact  lower  than  any  stage  measurement 
made  during  the  daily  monitoring  of  the  stream.  To  obtain  an 
estimate  of  the  peak  and  mean  daily  discharge,  a  comparison 
with  results  quoted  by  Church  and  Gilbert  (1975)  is  made.  An 
examination  of  their  Figures  3  and  4  shows  that  minimum 
discharge  occurs  in  the  early  to  mid  morning,  and  peak 
discharge  is  in  the  late  afternoon.  Thus  it  is  reasonable  to 
assume  that  the  discharge  measurement  made  was  close  to  the 
minimum  discharge  for  that  day.  This  is  supported  by  visual 
observations  of  stream  flow  over  the  delta  of  Hazard  Creek; 
the  timing  of  the  discharge  measurement  was  chosen  to  be  at 
the  lowest  possible  stage  so  as  to  facilitate  wading  of  the 
stream.  Examination  of  Church  and  Gilbert's  Figure  8  shows 
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F iqure  1 1 :  Stage  var i at  ion ,  July  18th 
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the  minimum  discharge  was  approximately  half  the  mean 
discharge,  and  one  third  to  one  quarter  of  the  peak 
discharge.  Although  the  use  of  this  result  for  estimates  of 
discharge  of  Hazard  Creek  may  not  be  strictly  justifiable, 
the  estimates  produced  may  be  shown  to  be  reasonable  in  the 
light  of  other  work.  Support  for  this  approach  is  the 
detailed  hydrological  study  of  Rusty  Creek  by  Faber  (1972). 
Rusty  Creek  is  a  major  contributor  to  the  waters  of  Hazard 
Creek  (Figure  2).  He  reports  results  which  show  a  similar 
relationship  between  minimum,  mean  and  peak  discharge  on  a 
given  day.  Using  these  results  it  can  be  estimated  that  the 
peak  discharge  of  Hazard  Creek  on  July  18th  was  in  the  order 
of  22  m3  /s  ,  equivalent  to  a  stage  of  -0.05  m.  The  minimum 
discharge  was  6  m3  /s  equivalent  to  a  stage  of  -0.23  m.  The 
mean  stage  was  0.13  m,  which  can  be  equated  to  the  mean 
discharge  of  12  m3  /s. 

July  18th  was  a  day  of  above  average  discharge  (Figure 
10).  The  peak  stage  level  on  July  18th  was  -0.05  m  as 
opposed  to  a  mean  peak  stage  of  -0.09  m.  Now  making  a 
further  simplifying  assumption,  a  linear  interpolation 
between  the  stage/discharge  estimates  made  leads  to  an 
estimate  of  17  m3  /s  for  the  peak  discharge  over  the  period 
the  stream  was  monitored  (July  4th  to  July  22nd).  Using  the 
relationship  between  peak  and  mean  discharge  established 
earlier,  it  would  appear  that  8.5  m3  /s  is  a  reasonable 
estimate  for  the  mean  discharge  of  Hazard  Creek  over  this 
period.  Thus  the  mean  daily  discharge  over  this  period  is 
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estimated  to  be  7 . 3 x 1 0 5  m3 .  It  may  be  argued  that  the  above 
reasoning  rests  on  rather  shaky  ground,  due  to  its  reliance 
on  a  number  of  simplistic  assumptions  regarding  the 
behaviour  of  glacial  streams.  However,  the  result  obtained 
is  testable  against  other  data.  As  mentioned  above,  Faber 
(1972)  made  a  detailed  hydrological  study  of  Rusty  Creek,  a 
major  tributary  of  Hazard  Creek.  He  reports  results  of  2. Ox 
105  m3  for  the  mean  daily  discharge  in  the  period  July  19th 
to  August  19th,  1967;  and  1.8x105  m3  for  the  period  July 
9th- August  15th,  1968.  The  estimate  for  the  daily  discharge 
obtained  above  is  7.3x105  m3  .  Examination  of  aerial 
photographs  allows  estimates  of  the  drainage  basin  areas  of 
Rusty  Creek,  and  Hazard  Creek  to  be  made.  Rusty  Creek 
constitutes  approximately  15%  of  the  drainage  basin  of 
Hazard  Creek.  Thus  the  estimate  of  discharge  made  in  this 
study  for  Hazard  Creek  appears  to  be  reasonable. 

The  measurements  of  the  discharges  of  the  minor  inflow 
streams  were  made  on  July  8th,  the  day  on  which  the  lowest 
stage  level  was  measured  on  Hazard  Creek.  The  weather  was 
cool,  and  wet,  with  considerable  rain  at  the  altitude  of  the 
lake,  probably  falling  as  snow  at  higher  elevations.  It 
might  be  expected  that  the  contribution  of  the  minor  streams 
to  the  total  inflow  would  be  anomalously  high.  This  is 
because  their  source  is  mainly  precipitation,  whereas  that 
of  Hazard  Creek  is  snow  and  ice  melt.  Melt  would  be  at  a 
minimum  in  such  weather  as  evidenced  by  the  low  stage, 
whilst  discharge  due  to  precipitation  would  be  high.  An 


58 


estimate  for  the  peak  discharge  of  Hazard  Creek  on  the  8th 
can  be  made  by  methods  similar  to  those  above  and  yields  a 
figure  of  8  m3  /s  .  Thus  the  minor  streams  contribute  at  the 
most  10/o  of  the  total  inflow,  and  probably  normally  much 
less,  and  are  thus  not  considered  in  the  effects  of  inflow 
on  lake  drainage. 

B.  Lake  filling  and  drainage 

When  measurement  of  the  lake  level  commenced  on  the 
morning  of  July  1st  the  lake  had  not  yet  attained  its 
maximum  level,  and  overflow  was  not  occurring.  The  lake 
level  rose  at  approximately  two  centimetres  an  hour  until 
the  morning  of  the  3rd,  when  the  outflow  was  observed  to  be 
operating  .  The  lake  level  fluctuated  over  a  20  cm  range  for 
the  next  five  days  until  the  morning  of  the  8th  at  which 
point  it  was  observed  to  have  dropped  30  cm  below  the 
maximum  level  attained.  By  8:25  on  the  morning  of  the  9th 
the  level  had  dropped  71  cm  in  the  last  15  hours,  and  it  was 
assumed  that  rapid  drainage  had  commenced.  From  this  point 
onwards  the  lake  level  was  closely  monitored,  with 
measurements  being  made  at  least  every  hour  apart  from  a 
four  hour  period  between  1:30  and  5:30  on  the  10th.  Figure 
12  is  a  graph  plotting  lake  level  in  metres  below  maximum 
against  time  in  hours  from  an  arbitary  zero  point  of  17:00 
hrs  on  July  1st.  By  17:55  on  July  10th  the  lake  level  had 
dropped  over  12  m  and  the  original  survey  method  had  to  be 
replaced  by  photographic  methods.  This  method  became 
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Plate  3 :  Outflow  stream 

Outflow  stream  flowing  after  the  lake  attained  maximum 
level,  July  3rd.  The  Steele  Glacier  is  visible  in  the 
background,  damming  the  lake. 
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F iqure  1 2 :  P lot  of  1 ake  1  eve  1  against  time 


The  drawdown  is  measured  relative  to  the  maximum  lake  level 
achieved.  The  zero  point  on  the  time  axis  is  the  time  of  the 
first  measurement,  17:00  on  the  1st  of  July. 
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Plate  4 :  Lake  drainage . 


The  upper 
point  the 
at  tai ned . 
same  day. 
4  m.  Many 


photograph  was  taken  at  06:30,  July  10th,  at  which 
lake  level  was  3.63  m  below  the  maximum  level 
The  lower  photograph  was  taken  at  14:00  on  the 
In  the  intervening  time  the  lake  level  has  dropped 
small  strand  lines  are  visible  on  the  lake  shore 
to  the  left  of  the  photographs.  The  photographs  were  taken 
adjacent  to  stream  1  looking  eastwards  towards  the  delta  of 
Hazard  Creek. 
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Plate  5 :  Lake  Drainage  2 

The  upper  photograph  was  taken  at  18:05,  July  10th,  at  which 
point  the  lake  level  was  13  m  below  the  maximum  attained. 

The  second  photograph  was  taken  at  22:00  the  same  day,  the 
lake  level  then  standing  27  m  below  maximum.  Both  pictures 
are  from  the  same  location,  the  delta  of  stream  1,  looking 
North. 
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impractical  after  23:00  due  to  lack  of  light.  Drainage 
became  complete  sometime  between  this  time  and  05:30  on  the 
11th. 

To  convert  lake  levels  to  discharge  the  variation  of 
surface  area  with  depth  is  required.  The  area  of  the  lake  at 
5m  depth  intervals  was  obtained  from  the  results  of  a  survey 
made  by  G.K.C. Clarke  and  others  in  1979  (Clarke  1980a,  b), 
and  is  tabulated  in  Table  3.  To  obtain  area  estimates  for 
intermediate  values  the  statistical  technique  of  regression 
analysis  was  used,  which  gives  a  best  fit  straight  line 
through  the  data  points.  An  examination  of  the  raw  data 
obviously  shows  that  a  simple  linear  model  would  not  be 
effective,  and  thus  a  semi  - logar i thmi c  transformat  ion  was 
applied.  This  proposes  that  the  relationship  between  depth 
(d)  and  surface  area  (A)  is  of  the  form:- 


(16) 


where  a  and  b  are  constants.  If  logarithms  are  taken  of  both 
sides  of  the  equation  it  is  transformed  to:- 


(17) 


1  n ( A )  =  1  n ( a )  +  d.ln(b) 


This  is  a  linear  relationship  between  the  natural  logarithm 
of  the  surface  area  and  the  depth.  A  correlation  coefficient 
of  -0.9989  was  obtained  for  this  relationship,  and  the 
regression  yielded  values  of  -0.6050  for  ln(b)  and  11.691 
for  ln(a).  The  residuals  show  no  trend.  Thus  the 
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Table  3 :  Hypsometric  data ,  Hazard  Lake 


After  Clarke,  1980a 


Contour 
Elevation  (m) 

Water  depth 

(m) 

Contour 
Area  (m2 

1674 

0 

1274000 

1669 

5 

873700 

1664 

10 

622700 

1659 

15 

461800 

1654 

20 

349700 

1649 

25 

263700 

1644 

30 

206600 

1639 

35 

144200 

1635 

40 

105100 

relationship  between  the  two  variables  can  be 
the  equation : - 


expressed  by 


65 


ln(A)  =  11.691  -  0.06050(d) 


An  F  test  showed  this  to  be  significant  at  alpha  =  0.01. 

Thus,  using  this  equation,  a  value  of  surface  area  can  be 
estimated  for  any  given  depth. 

At  any  instant  the  discharge  into  or  from  the  lake  (0) 
is  g i ven  by : - 

Q  =  dd/dt  (A4)  (19) 


where  Ad  is  the  surface  area  at  depth  d,  and  t  is  time.  The 
rate  of  change  of  depth  with  time  is  difficult  to  measure 
directly,  and  is  estimated  by  the  following  procedure.  Given 
two  measurements  at  times  t’  and  t ® ,  the  depths  at  these 
points  being  d>  and  d2  respectively,  the  change  in  depth 
over  the  time  t<  -  t2  is  |d'  -  d2|.  Thus  the  average  rate  of 
change  in  depth  over  this  time  is:- 


I  cM  -  d2|  /  t '  -  t 2  (20) 

An  estimate  of  the  instantaneous  discharge  at  a  time  halfway 
between  t1  and  t2  ( t  V*  is  given  by:- 

Q 1/5  =  \{  (d1  -  d  2)  /  (t1  -  t2)}  (21  ) 

where  is  the  surface  area  at  a  depth  halfway  beween  d1 
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and  d2.  This  figure  is  the  overall  discharge  from  the  lake, 
Qa.  In  order  to  estimate  the  discharge  through  the  tunnel 
(Qt)  the  inflow  to  the  lake  from  Hazard  Creek  and  other 
streams  must  be  known  (Qi).  Clarke  (1980a)  estimates  this  to 
be  a  steady  5  m3  /sec.  The  data  collected  from  the  inflow 
streams  allows  an  improvement  on  this  estimate  to  be  made. 
Appendix  9  is  a  list  of  estimates  of  Qi  on  a  daily  basis. 
These  were  made  using  the  information  of  peak,  mean  and 
minimum  discharge  and  the  corresponding  stage  levels.  Using 
the  information  obtained  on  July  18th  an  approximate  stage/ 
discharge  relationship  can  be  established,  using  a  linear 
interpolation  for  the  values  between  the  three  data  points. 
This  is  then  scaled  against  the  mean  discharge  over  the 
total  period  of  time  of  stage  measurement.  Ideally  a  more 
accurate  stage/  discharge  relationship  would  give  a  more 
precise  estimate  of  these  quantities,  and  a  further 
correction  might  be  made  for  the  variations  between  days. 
However,  it  was  felt  that  the  accuracy  of  the  data  did  not 
allow  a  correction  of  this  degree  of  precision  in  this  case. 
Despite  the  uncertainties  in  the  estimates  of  discharge, 
this  represents  an  improvement  on  Clarke's  estimate,  as 
shown  by  the  fact  that  when  the  correction  is  applied  to 
give  Qt  =  Qa  +  Qi  there  are  no  negative  values  of  Qt,  which 
would  occur  if  Clarke's  correction  was  used.  Estimation  of 
Qt  whilst  the  lake  was  at  its  maximum  level  was  impossible 
due  to  the  fact  that  the  amount  of  water  flowing  out  of  the 
lake  by  the  stream  along  the  margin  of  the  Steele  is  unknown 


67 


( Qo)  . 

The  volume  remaining  in  the  lake  at  a  given  time  is 
calculated  by  the  method  of  Clarke  (1980b),  where  the  volume 
of  the  lake  (V)  is  related  to  the  depth  of  water  above  the 
seal  to  the  lake  by  equation  14  (page  29).  '  m'  in  this 
equation  is  calculated  by  Clarke  (1980a)  using  regression 
methods  as  being  0.06  for  Hazard  Lake.  The  volume  discharged 
from  the  lake  at  a  given  time  is  approximately  Vo  -  V  and  is 
tabulated  in  Appendix  10  along  with  data  pertaining  to 
discharge  calculations,  total  discharge,  inflow  to  the  lake 
and  tunnel  discharge.  Figure  13  is  a  graph  of  discharge 
against  time. 

Early  measurements  of  lake  level  are  probably  fairly 
accurate,  the  main  errors  being  due  to  difficulty  in 
obtaining  arr  accurate  reading  when  the  lake  surface  was 
disturbed  by  waves.  As  the  lake  commenced  to  drain  rapidly, 
it  would  be  expected  that  the  error  in  measurement  would 
increase  due  to  the  frequent  repositioning  of  the  gauges. 

The  photographic  method  used  for  the  final  stages  is  not 
very  accurate,  and  errors  of  up  to  ten  per  cent  are  likely. 

V i sua 1  observat i ons 

Two  notable  effects  of  the  rapid  drawdown  were 
observed.  The  rapid  fall  in  lake  level  resulted  in  the 
formation  of  many  small  slope  failures  in  the  sediments 
exposed  as  the  lake  level  dropped.  Plate  7  shows  two 
examples,  both  being  rotational  movements. 

The  second  observation  of  note  was  the  formation  of 
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Figure  1 3 :  Pi scharqe/t ime ,  1 ake  draining 

Discharge  is  the  overall  discharge  from  the  lake  in  this 
case . 
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Plate  6 :  The  i ce  dam 

The  ice  dam  portrayed  shortly  after  drainage,  looking  south. 
The  tunnel  is  clearly  shown  at  the  base  of  the  dam,  as  is 
the  tide  mark  showing  the  maximum  lake  level.  The  dam  is  100 
m  high.  At  the  base  of  the  dam  many  ice  blocks  can  be  seen, 
formed  by  collapse  of  the  dam  after  removal  of  the  bouyant 
effect  of  the  water. 
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Plate  7 : 


Slope  f ai 1 ures 


The  example  of  the  upper  photograph  was  observed  on  the 
south  side  of  the  delta  of  Hazard  Creek.  The  lower 
photograph  shows  a  failure  close  to  the  delta  of  stream  1 
(bushes  in  picture  are  approximately  1m  high). 
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many  small  strand  lines  (Plates  4  and  5).  These  formed  in  a 
very  brief  period,  as  the  top  two  metres  of  the  lake  banks 
were  observed  to  be  free  of  them  in  the  short  period  as  the 
lake  was  filling,  but  were  clearly  marked  by  them  during 
drainage.  On  drainage,  many  more  strandlines  were  visible, 
some  of  a  considerably  greater  size  than  those  originally 
observed.  Embleton  and  King  (1974)  cite  examples  of  these 
described  by  Stone  (1963a)  and  others  and  suggest  that  they 
form  during  drainage,  specifically  in  periods  of  slow  rather 
than  catastrophic  drainage.  This  example  shows  that  this  is 
not  the  case  at  Hazard  Lake.  It  is  suggested  that  these 
' terracettes'  are  formed  during  the  filling  of  the  lake  at 
times  of  low  inflow,  and  thus  times  of  static  lake  level, 
and  the  rapid  drainage  prevents  erosive  forces  acting  to  the 
same  extent  as  during  slow  drainage,  resulting  in  their 
preservat i on .  The  rapidity  of  formation  observed  in  this 
case  casts  considerable  doubt  on  work  that  attempts  to 
relate  relatively  minor  terraces  to  major  variations  in  lake 
level,  such  as  that  of  Brook  (1971),  and  Stone  (1963a). 

C.  Sections  in  lake  sediments 

Written  descriptions  of  the  sections  constitute 
Appendix  1.  The  locations  of  the  sections  are  displayed  in 
Figure  5.  Appendix  12  is  a  list  of  samples  taken  from  the 
sections.  To  facilitate  description  a  number  of  major  facies 
will  be  described,  into  which  the  sediments  of  the  sections 
will  be  classified.  These  to  some  extent  follow  those  of 
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Shaw  (1975),  but  differ  in  detail.  The  facies  are:- 

1 .  Gravel  ( A ) 

2.  Cross  bedded  sand  (B1) 

3.  Massive  sand  (B2) 

4.  Cross  laminated  sand  (B3) 

5.  Graded  bedded  sand  (B4) 

6 .  Laminated  silts  ( C ) 

7 .  Cl  ays  ( D ) 

The  general  features  of  each  facies  are  described  below. 

A-  Gravel 

This  facies  is  common  and  is  usually  found  towards 
the  base  of  sections.  Structure  is  difficult  to  discern, 
but  horizontal  bedding  is  visible  in  some  examples,  as 
is  imbrication  of  the  pebbles.  Sorting  is  variable  but 
generally  poor.  Clasts  are  well  rounded. 

B1-  Cross  bedded  sand 

This  facies  is  rare,  only  being  found  in  two 
sections.  Where  seen,  the  sets  of  the  cross  bedding 
appeared  to  be  tabular.  The  units  of  cross  bedding  are 
between  1  and  5  cm  in  thickness,  and  contain  beds  0.5  to 
1  cm  thick. 

B2-  Massive  sand 

This  facies  consists  of  massive  sands,  internally 
structureless.  Bedding  thickness  ranges  from  0.01  to 
0.50  m,  and  the  facies  is  common  in  the  sections. 

B3-  Cross  laminated  sand 

This  facies  is  also  common,  and  consists  of  ripple 
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drift  cross  laminated  sand.  It  is  found  in  most  sections 
close  to  the  sediment  source.  Both  types  A  and  B  of 
Jopling  and  Walker  (1969)  are  found,  as  is  the  draped 
lamination  of  Gustavson,  Boothroyd  and  Ashley  (1975). 
Type  B  cross  lamination  appears  to  be  more  common.  Some 
apparently  massive  beds  were  assigned  to  this  facies  on 
the  grounds  that  the  only  structure  visible,  at  the 
contact  with  the  overlying  unit,  was  rippled.  The 
internal  structure  of  the  sediment  was  commonly 
difficult  to  see,  due  to  the  water  soaked  nature  of  the 
sediment.  Sets  of  laminae  were  between  1  and  3  cm  thick, 
and  the  laminae  were  themselves  between  0.2  and  3  mm 
thick. 

B4-  Graded  bedded  sand 

This  facies  was  common,  and  this  in  combination 
with  its  use  as  an  indicator  of  flow  conditions, 
justifies  its  inclusion  as  a  separate  facies.  The 
thickness  of  the  beds  involved  was  variable,  from  0.5  to 
10  cm,  and  the  material  involved  varied  from  coarse  sand 
to  silt. 

C-  Parallel  laminated  silts 

This  facies  was  common,  and  formed  the  major 
component  of  sections  relatively  distant  from  the 
sediment  source.  The  lamination  was  generally  flat  lying 
but  was  observed  to  be  draped  over  boulders  on  the  lake 
bottom  (Plate  8).  Individual  laminae  were  of  a  thickness 
of  0.5-2  mm,  and  examination  of  samples  under  the 
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Plate  8 :  Facies  C 

Laminated  silts  (facies  C)  draping 
base  of  section  D7.  The  photograph 
the  contact  between  facies  C  and  A 


over  a  boulder  at  the 
shows  the  sharpness  of 
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Plate  9 :  Facies  C 

Close  up  of  laminated  silt 


facies 


in  section  D7. 
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Plate  1 0 :  Facies  B3 

Draped  lamination  in  cross  laminated  sand  facies  B3,  section 
Dll. 
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binocular  microscope  showed  that  each  lamina  is  graded, 
from  fine  sand/silt  to  silt/clay.  Minor  faulting  was 
observed  in  these  sediments  in  several  localities. 

D-  Clays 

This  was  a  distintive  facies,  usually  found  at  the 
top  of  the  section.  The  clays  were  usually  massive  but 
sometimes  showed  horizontal  lamination.  The  unit  was 
generally  thin  (1-2cm),  and  draped  underlying 
structures . 

Facies  associ at i ons 

Table  4  is  a  list  of  facies  transitions  found  in  the 
sections,  from  bottom  to  top  of  sect  ions . F igure  14  is  a 
diagram  showing  the  sections  described.  The  samples  taken 
are  listed  in  Appendix  12,  with  their  locations.  It  can 
readily  be  seen  that  facies  A  and  D  are  most  commonly  found 
at  the  base  and  top  of  the  sections  respectively.  The 
transition  from  facies  A  to  C  at  the  base  of  the  section  is 
common.  Facies  B4  appears  to  be  closely  associated  with 
facies  B2. 

Grain  s i ze  ana  1 vsi s 

The  raw  data  from  the  grain  size  analysis  is  given  in 
Appendices  2  and  3.  Table  5  is  a  list  of  samples  and  their 
graphic  Folk-Ward  parameters.  Three  duplicate  analyses  were 
performed  to  investigate  the  usefulness  of  the  four  measures 
in  interpretation  to  be  made.  Insufficient  duplicate 
analyses  were  made  to  allow  a  full  statistical  analysis  of 
the  variability  due  to  laboratory  analysis.  However,  the 
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Table  4 :  Facies  sequences  i n  sections 

The  sequences  listed  below  are  from  the  bottom  of  the 
sections  described  upwards. 


Sect  ion 

Sequence 

DI/2 

B2-B3-B2-A-B2 

D3 

A-B2-C-B3 

D4 

A-C-B4-B3-B2 

D5/6 

B2-B3-C-B2-B4-C-B4-D 

D7 

A-C-B2-B4-B2-B1-B4-B2-D 

D8 

A-C-A-B2 

D9 

A-C-B2 

DIO 

A-C-B4-B2-B4-B2-A-D 

Dll 

A-B2-B4-B3-B1-B2 

D 1 2 

A-C-B3-C-B2-C-B2-D 

D 1  3 

A-C-B2 

D 1 4 

A-C-D 

D 1 5 

A-C-B2-D 

D 1 6 

A-C-B2-D-B3 

D 1  7 

A-C-D 

D  1 8 

A-C-B4-B2-D 

D 1 9 

A-C 

D20 

C-B2-D 

D21 

C-B2-D 

D22 

C-D 

• 

fjgure  .14 ;  di  aqram  of  sections 
proximi ty  to  source  1 


ar r anqed  i n  order  of 


- l.vV.v  j-'j 
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Table  5 :  Folk-Ward  parameters ,  section  samples 


Sample  numbers  refer  to  the  section  from  which  the  sample 
taken  i.e.  sample  D12B  is  from  section  D12.  The  measures 
given  are  Folk-Ward  parameters,  calculated  by  graphic 
methods.  Mean  grain  size  and  sorting  are  measured  in  phi 
units.  Duplicate  sample  numbers  indicate  replicate  analyses. 
These  are  tablulated  seperately. 


Sample 

number 

Facies 

state 

Mean 

grain 

size 

Sor  t i ng 

Skewness 

Kur  tos i s 

D  1  A 

B2 

2. 

27 

1  .  12 

-0.01 

1  .33 

D1C 

B2 

4. 

57 

1  .91 

0.38 

2.49 

D2A 

B2 

3. 

23 

1  .  19 

0.07 

1  .29 

D2B 

B3 

3. 

27 

1.15 

0.08 

1.11 

D3A 

B2 

1  . 

93 

0.97 

0.11 

1  .34 

D4A 

C 

5. 

50 

1  .79 

0.40 

1  .81 

D5A 

C 

4. 

97 

1  .92 

0.53 

2.10 

D6A 

C 

5. 

03 

2.07 

0.47 

1  .98 

D6B 

B2 

1  . 

47 

0.64 

-0.06 

1  .08 

D7A 

C 

8. 

33 

2.74 

0.36 

0.87 

D7B 

C 

8. 

27 

2.61 

0.47 

0.91 

D7C 

C 

8. 

33 

2.78 

0.35 

0.86 

D7D 

C 

7. 

90 

2.96 

0.34 

1  .05 

D9A 

B2 

7. 

20 

2.97 

0.49 

1  .04 

D9B 

C 

7. 

60 

2.95 

0.53 

1  .04 

D9C 

C 

7. 

33 

2.62 

0.50 

0.94 

D9E 

c 

6. 

63 

2.29 

0.43 

1  .45 

D10A 

B4 

4. 

47 

1  .26 

0.48 

2.05 

D  1  OB 

C 

5. 

53 

1  .97 

0.59 

1  .97 

D 1 1 A 

B4 

4. 

53 

1.17 

0.30 

1  .80 

D12A 

B3 

3. 

30 

0.94 

-0.03 

1  .06 

D12B 

C 

6. 

63 

2.37 

0.64 

2.02 

D12C 

C 

6. 

77 

2.61 

0.59 

1 .44 

D  1 2D 

C 

6. 

40 

2.  14 

0.49 

1  .56 

D12E 

C 

6. 

73 

2.55 

0.60 

1  .74 

D12F 

C 

6. 

83 

2.47 

0.58 

1  .82 

D12G 

C 

7. 

03 

2.39 

0.51 

1  .83 

D13A 

C 

7. 

53 

2.55 

0.09 

0.96 

D14A 

C 

7. 

13 

2.80 

0.34 

1.10 

D16A 

C 

6. 

37 

2.45 

0.45 

1  .50 

D16B 

C 

7. 

.40 

2.96 

0.48 

0.97 

D16C 

C 

7. 

,73 

2.79 

0.50 

0.96 

D17A 

C 

7. 

,  17 

2.58 

0.55 

1.53 

D19A 

C 

8. 

,90 

2.95 

0.  15 

1  .01 

D20A 

C 

6. 

,37 

2.  19 

0.51 

1 .48 

D20B 

C 

5. 

,43 

1  .86 

0.37 

2.00 

D20C 

c 

6, 

,40 

2.47 

0.57 

1  .50 

D20D 

c 

6. 

,37 

2.34 

0.53 

1  .53 

D20E 

c 

6. 

.53 

2.42 

0.53 

1  .78 

D2 1 A 

c 

6. 

,57 

2.64 

0.63 

1  .45 
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D22A  C  7.23  2.68  0.47  1.41 


Replicate  samples 


Sample 

Facies 

Mg 

Sor  t i ng 

Skewness 

Kur  tos i s 

D9D 

C 

7.70 

2.65 

0.43 

1 

.07 

D9D 

C 

7.53 

2.66 

0.44 

1  .90 

D15A 

c 

7.80 

2.70 

0.44 

1  .01 

D15A 

c 

7.93 

2.77 

0.45 

0.91 

D18A 

c 

7.33 

2.45 

0.49 

1  .68 

D18A 

c 

7.  10 

2.  18 

0.36 

1  .51 
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measures  skewness  and  kurtosis  show  considerable  within 
sample  variation  and  this,  combined  with  the  lack  of  any 
trend  with  facies,  or  sample  location,  leads  to  the 
rejection  of  the  use  of  these  measures  in  i nterpretat ion . 
This  agrees  with  the  results  obtained  by  Swan,  Clague  and 
Luternauer  (1978)  who  reject  these  two  measures  as 
unreliable.  The  large  within  sample  variation  appears  to  be 
due  to  the  use  of  the  tails  of  the  grain  size  distribution 
in  the  calculation  of  these  parameters,  which  are  subject, 
for  a  number  of  reasons,  to  greater  error  in  laboratory 
analysis.  Thus  only  the  mean  grain  size  and  graphic  standard 
deviation  will  be  used  in  the  interpretation  of  these 
resu Its. 

T rends  i n  grain  size 

Much  of  the  sampling  concentrated  on  one  facies,  the 
laminated  silts,  which  was  found  in  most  sections  and  was 
the  predominant  facies  in  many.  Most  of  these  samples  were 
channel  samples,  although  in  sections  D9,  D12,  and  D20 
samples  were  taken  at  intervals  throughout  the  unit,  to 
investigate  variation  with  depth  in  this  facies.  For  section 
D20  a  channel  sample  through  the  whole  unit  was  taken  also 
and  these  results  can  be  used  to  test  wether  a  channel 
sample  is  representat i ve  of  the  unit  as  a  whole.  The  channel 
sample  D20A  had  a  mean  grain  size  of  6.37  phi,  and  the 
samples  D20B-E  an  average  mean  grain  size  of  6.18  phi.  The 
sorting  of  D20A  was  2.27  phi  and  the  average  of  samples  B-E 
was  2.19  phi.  Considering  the  variability  of  replicate 
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analyses,  it  can  be  concluded  that  channel  samples  taken 
were  representat i ve  of  the  characteristics  of  the  unit  as  a 
whole . 

An  examination  of  the  stratified  samples  taken  in 
sections  D20,  D9 ,  and  D12  shows  no  consistent  trends  in  mean 
grain  size  or  sorting  with  depth.  However,  an  examination  of 
the  field  notes  made  shows  that  definite  trends  can  be 
recognised.  For  instance,  section  D12  shows  a  trend  from 
bottom  to  top  of  an  initial  abrupt  fining  followed  by  a 
gradual  coarsening,  and  an  abrupt  fining  at  the  top  of  the 
section.  This  trend  is  repeated  in  sections  D8,  10,  11,  15, 
18,  and  21.  Sections  D20  and  D16  are  probably  similar,  but 
the  base  of  the  section  is  not  exposed.  Sections  D3,  4,  9, 
and  13  are  also  similar  but  do  not  show  the  abrupt  fining  at 
the  top  of  the  section.  Sections  D14,  17,  19,  and  22  have 
similar  trends  and  show  a  consistent  fining  upward  trend. 
Sections  D5/6  and  DI/2  show  more  complex  variation  (in  both 
of  these  cases  the  two  sections  are  considered  to  be  one 
continuous  section). 

D.  Results  from  the  Ekmann  sampler 

The  results  of  grain  size  analysis  performed  on  samples 
collected  with  the  Ekmann  grab  sampler  are  given  in  Table  6. 
These  results  show  little  relation  to  the  results  obtained 
from  sampling  of  the  lake  bottom  after  drainage.  The 
reproducibility  of  the  sampling  is  also  in  doubt, 
considering  the  disparate  results  from  location  A2.  Another 
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Table  6 :  Folk-Ward  parameters ,  Ekmann  sampler 


This  table  lists  the  results  of  the  grain  size  analyses 
performed  on  samples  collected  with  the  Ekmann  sampler.  The 
measures  tabulated  are  graphic  Folk-Ward  parameters.  Mean 
grain  size  and  sorting  are  measured  in  phi  units. 


Location  Mean  grain  Sorting  Skewness  Kurtosis 


size 


A 1 

A2a 

A2b 

A3 

A4 

A5 

B 1 

B2 

B5 

C2 

E2 

F2 


5.30 

5.83 

6.23 

5.83 
5.07 

6.83 
6.67 
2.90 
6.47 
7.00 
9.50 
4.93 


2.01 

1.87 

2.04 

2.11 

2.38 

2.46 

2.33 

2.25 

2.95 

3.11 

2.66 

1.76 


0.59 
0.42 
0.69 
0.35 
0.20 
0.48 
0.46 
0.24 
0.35 
0.  19 
0.  15 
0.41 


1  .82 
0.84 
2.36 
1  .89 
1  .81 
1  .74 
1  .26 
1  .20 
1  .23 
1  .24 
0.92 
2.05 
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major  problem  with  this  type  of  sampling  in  this  case  is 
that  considering  the  complexity  of  the  upper  part  of  the 
sections  measured  after  drainage,  the  samples  can  only  be 
realistically  interpreted  if  it  is  Known  exactly  what  is 
being  sampled.  The  sampler  scrapes  off  sediment  from  the 
lake  bottom  which  may  be  from  a  number  of  sedimentary  units. 
The  internal  structure  is  not  preserved  well,  and  thus  these 
samples  are  impossible  to  relate  to  the  sediments  seen  after 
drainage.  The  sampler  is  also  seriously  affected  by  any 
material  coarser  than  silt  that  sticks  in  the  jaws  resulting 
in  the  washing  out  of  fine  material.  The  use  of  some  sort  of 
coring  device  would  have  yielded  more  useful  information  as 
the  sediment  would  be  recovered  as  part  of  a  stratigraphic 
sequence  that  could  be  related  to  the  sediments  seen  after 
drainage,  allowing  an  i nvest igat ion  .of  the  effects  of  the 
drainage  on  the  sediments  deposited. 


V.  Discussion 


A.  Lake  drainage 

The  objective  of  the  measurements  made  of  lake  drainage 
was  to  test  the  existing  models  for  the  drainage  of  these 
types  of  lakes.  Clarke  (1980a)  states 

"If  sucessive  floods  differ  significantly,  even  when 
all  external  influences  appear  similar  the  Nye  model 
must  be  incomplete  in  some  important  way." 

Clarke  published  the  results  of  the  detailed  measurements  of 
the  1978  jokulhlaup  from  Hazard  Lake,  and  a  comparison  of 
his  results  with  those  reported  in  this  study  constitutes  a 
test  of  the  Nye  model.  As  far  as  possible  the  discharge 
results  have  been  treated  in  a  simliar  manner  to  those  of 
Clarke,  although  it  is  suggested  that  the  estimates  of  input 
to  the  lake  from  inflow  streams  is  superior  in  this  case. 
Clarke  fits  his  data  to  the  relationship  of  equation  15 
(page  30)  by  means  of  a  regression  of  log  (Vo-V)  against  log 
Q.  His  results  are  a  value  of  1.1174  for  p  and  -5.343  for 
log  c.  Figure  15  is  a  logarithmic  plot  of  Q  against  Vo-V  for 
the  data  of  Appendix  10.  A  regression  analysis  was  performed 
on  this  data,  and  an  examination  of  the  residuals  showed 
that  a  simple  linear  fit  was  not  applicable,  the  data  being 
best  described  by  one  equation  for  the  first  fourteen  data 
points,  which  are  highly  influenced  by  the  accuracy  of  the 
correction  (Qi)  applied,  and  another  equation  for  the  rest 
of  the  data.  The  regression  analysis  for  the  later  part  of 
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F iqure  1 5 :  Graph  of  discharge/  vo 1 ume  discharged 


The  regression  line  obtained  in  this  study  is  marked  on  the 
graph.  Clarke's  result  from  the  1980a  paper  is 
indistinguishable  from  this  line  on  the  scale  of  this  plot. 
The  equat ion  i s : - 

Log  (Q)  =  1.134  {log  (V-Vo)}  -  5.477. 
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the  flood,  from  10:00  on  the  9th  of  July  to  the  termination 
of  the  flood,  involving  75%  of  the  volume  of  the  lake, 
yielded  values  of  1.134  for  p  and  -5.477  for  log  c.  An  F 
test  on  the  regression  gives  a  value  for  F  at  degrees  of 
freedom  1,35  of  318.6,  a  significant  result  at  alpha  =  0.01. 
The  residuals  showed  no  trend. 

This  represents  an  extremely  close  agreement  with  the 
data  of  Clarke,  despite  the  use  of  different  methods  of 
measuring  lake  level.  This  result  is  very  useful  in  the 
light  of  Clarke's  report  of  results  from  three  jokulhlaups 
from  Summit  Lake  where  successive  events  were  highly 
variable.  This  result  indicated  that  the  model  used  may  be 
at  fault  in  some  way.  The  closeness  of  the  results  reported 
here  shows  that  the  characteristics  of  the  1978  and  1979 
events  were  virtually  identical,  supporting  the  model  of  Nye 
for  the  growth  of  the  jokulhlaup.  This  also  suggests  that 
the  assumptions  made  in  the  model  do  not  always  apply  in  the 
instance  of  Summit  Lake,  as  hypothesised  by  Clarke  (1980a). 
This  result  supports  the  unusually  low  value  of  n'  ,  the 
Manning  roughness  coefficient  found  by  Clarke  (1980a,  b)  in 
his  computer  simulation  of  the  1978  discharge.  As  Clarke 
comments,  this  value  is  difficult  to  explain  in  physical 
terms,  despite  the  fact  it  may  be  theoretically  possible  for 
a  polished  tunnel  in  ice.  However,  the  work  of  Shreve  (1972) 
indicated  that  the  stable  position  of  a  tunnel  carrying 
water  through  ice  is  at  the  base  of  the  glacier,  and 
therefore  must  have  an  interface  with  material  other  than 
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ice,  making  this  value  of  n'  unrealistic.  The  alternative 
explanation  that  the  assumptions  made  in  the  inputs  of  the 
model  are  incorrect  is  prefered  here.  As  Clarke  suggests, 
parts  of  the  tunnel  may  remain  open  from  one  event  to 
another,  acting  to  increase  the  potential  gradient  which  is 
a  primary  input  to  the  model.  The  potential  gradient  in  this 
case  is  the  gradient  in  the  region  of  the  seal.  Clarke  uses 
the  spatial  average  from  the  mouth  of  the  tunnel  to  the  toe 
of  the  glacier.  However,  if  the  seal  is  close  to  the  lake, 
as  is  likely  in  this  case,  the  potential  gradient  is  liable 
to  be  greater.  This  is  because  Hazard  Lake  sits  in  a 
relatively  minor  tributary  valley  to  the  Steele  Valley.  The 
valley  of  the  Steele  Glacier  is  probably  of  the  typical  U 
shape,  and  thus  the  steepest  part  of  the  tunnel  will  be  the 
initial  section,  from  the  wall  to  the  floor  of  the  valley. 

If  the  tunnel  closed  partially,  it  would  be  in  this  region 
also,  as  the  ice  thickness  is  greatest  at  this  point.  Thus 
for  the  opening  of  the  tunnel,  after  the  first  drainage 
event,  the  potential  gradient  as  estimated  by  Clarke  is 
likely  to  be  an  underestimate.  This  has  the  effect  on  the 
hydrograph  of  a  more  rapid  increase  in  discharge.  This  is 
analogous  to  the  effect  of  a  smoother  outflow  tunnel,  and 
thus  may  explain  the  low  value  of  n'  . 

It  would  appear  that  this  hypothesis  is  likely  given 
the  observation  of  G.K.C.  Clarke  and  R.W.  May  (R.W.  May, 
University  of  Alberta,  personal  communication)  that  the  lake 
basin  was  still  empty  in  late  September , 1 978 ,  after  the 
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drainage  event  of  August  8th.  This  indicates  that  in  the 
region  of  the  seal,  the  area  at  which  plastic  deformation 
would  be  a  maximum,  the  tunnel  was  still  open  after  six 
weeks.  It  would  not  seem  unreasonable  to  assume  that  the 
tunnel  remained  open  over  most  of  its  length  in  the  ten  to 
eleven  months  between  the  jokulhlaup  and  the  reopening  of 
the  tunnel . 

However,  further  work  is  required  on  the  closure  of  the 
tunnel  before  the  model  can  be  calibrated  with  any  degree  of 
certainty.  This  closure  should  be  possible  to  model  as  the 
behaviour  of  ice  under  stress  is  well  known,  and  this  in 
combination  with  a  sufficient  knowledge  of  ice  and  bed 
topography  should  enable  an  estimate  to  be  made.  Ihus  a 
constraint  can  be  made  on  the  value  of  the  potential 
gradient  input  to  the  model,  and  the  prediction  of  n'  can  be 
improved.  A  possible  test  of  this  hypothesis  of  partial 
closure  could  be  made  if  the  records  of  a  number  of 
jokulhlaups  are  available  from  a  given  lake.  1  he  value  of  n' 
produced  from  a  model  such  as  Clarke'  s  should  be  noticably 
different  for  the  first  drainage  of  such  a  lake  (for 
instance  the  1975  event  at  Hazard  Lake).  Subsequent  events 
should  show  similar  results  if  the  time  period  elapsing 
between  outbursts  is  the  same,  as  the  closure  of  the  tunnel 
is  time  dependent.  This  hypothesis  is  also  supported  by  the 
only  other  values  of  n'  calculated  for  jokulhlaups.  Nye 
reports  n'  =  0.12  m°*33s  for  the  1973  event  of  Grimsvotn, 
where  the  period  between  events  is  five  years  and  plastic 
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closure  stops  the  jokulhlaup  before  exhaustion  of  the 
reservoir.  This  would  indicate  that  the  tunnel  is  probably 
completely  closed  in  this  case.  Clarke  (1980a) 
reports  n'  =  0.08  for  the  1967  flood  of  Summit  Lake.  The 
interval  between  events  in  this  case  was  two  years,  and  it 
might  be  expected  that  the  tunnel  was  closed  over  a  greater 
proportion  of  its  length  than  at  Hazard  Lake,  giving  a 
higher  value  of  n' .  It  is  therefore  hypothesised  that  the 
value  of  n'  is  not  as  variable  as  Clarke  (1980b)  suggests, 
most  of  the  variability  in  discharge  records  being  due  to 
different  degrees  of  closure  of  the  tunnel.  It  seems 
possible  that  the  value  of  n'  of  0. 12  reported  by  Nye  may  be 
generally  applicable,  but  discharge  prediction  is  difficult 
unless  the  tunnel  geometry  is  known.  However,  for  the  first 
event  after  an  initial  period  of  stability  following  the 
formation  of  the  lake,  the  estimate  of  potential  gradient 
used  by  Clarke  and  Nye  would  be  valid,  and  thus  the  model 
should  be  useful  in  predicting  discharge  records  for  this 
event,  probably  the  most  important  from  the  point  of  view  of 
environmental  hazard.  Subsequent  peak  discharges  would  be 
expected  to  be  greater  if  the  tunnel  does  not  close 
comp  1 e  t  e 1 y . 

It  is  concluded  that  the  Clarke-Nye  model  is  a  good  one 
for  predicting  the  discharge  record  at  Hazard  Lake.  The 
close  matching  of  the  1978  and  1979  records  show  that  the 
model  is  applicable  through  time  for  a  given  lake.  No  firm 
conclusions  can  be  drawn  regarding  the  general  applicability 
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of  the  model,  but  it  seems  probable  that  further  work  on 
modelling  the  behaviour  of  the  ice  tunnel  after  drainage  may 
allow  this.  The  peak  discharge  predicted  by  the  Nye  model  is 
620  m3  /s,  and  the  maximum  discharge  measured  in  1979  was 
706  m3  /s,  which  is  compatible  if  the  accuracy  of  the 
observation  of  lake  level  is  considered  (plus  or  minus  10%). 

B.  A  model  for  the  historical  development  of  ice  dammed 
1  akes 

In  this  section  a  general  model  will  be  developed  for 
the  history  of  ice  dammed  lakes,  and  this  will  be  applied  to 
Hazard  Lake.  This  is  useful  in  that  it  provides  an 
explanation  of  the  sequence  of  events  observed  in  studied 
ice  dammed  lakes,  and  allows  prediction  of  the  future 
development  of  these  and  other  examples.  The  floatation 
hypothesis  is  accepted  for  the  initiation  of  the  jokulhlaup. 
Thus  the  main  two  variables  to  be  modelled  are  the 
glaciostatic  pressure  (Pi)  and  the  hydrostatic  pressure 
(Pw)  . 

Glaciostatic  pressure 

This  is  given  by  Pi  =J>^gh  where  h  is  the  glacier 
thickness.  The  glaciostatic  pressure  is  at  a  maximum  in  the 
region  of  the  seal,  and  all  predictions  refer  to  the  glacier 
thickness  at  this  point.  The  position  of  the  seal  is  that 
point  at  which  db/ds  =  0  ,  where  6  is  given  by  equation  (8). 
The  ice  thickness  h  is  controlled  by  the  mass  balance  of  the 
glacier.  Generally  the  mass  balance  at  the  critical  point 
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will  be  initially  positive,  and  the  glacier  will  thicken, 
impounding  the  lake.  The  mass  balance  will  subsequently  be 
negative,  allowing  the  seal  to  be  breached  and  the 
jokulhlaup  mode  of  drainage  to  take  place.  This  is  not 
always  the  case  as  in  the  situation  where  the  ice  dam  is 
continuing  to  thicken  but  not  as  fast  as  the  increase  in 
hydrostatic  pressure  is  possible,  although  all  known 
examples  are  dammed  by  an  ablating  glacier.  In  the  case  of  a 
surge  dammed  lake,  the  ice  thickness  will  increase  rapidly 
for  the  duration  of  the  surge,  and  then,  due  to  the  thermal 
imbalance  caused  by  the  surge,  ablate  steadily  until  thermal 
equilibrium  is  achieved.  This  ablation  can  be  described  by 
the  equation 

h  =  h(max)  -at  (22) 

where  h(max)  is  the  initial  thickness  of  the  ice  at  the  end 
of  the  surge,  a  is  the  ablation  rate,  and  t  is  time  elapsed 
from  the  surge  end.  If  the  lake  was  not  in  existence  prior 
to  the  surge  then  it  will  cease  to  exist  before  the  glacier 
reattains  equilibrium. 

Hydrostat i c  pressure 

Hydrostatic  pressure  is  given  by  equation  (6)  (page 
20).  D  in  this  equation  is  related  to  the  volume  of  the  lake 
by  equation  (15)  (page  30).  The  volume  at  any  given  time  is 
given  by: 


V  =  /  Qi  dt  -  /  Qt  dt  -  /  Qo  dt 


(23) 
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where  Qi  is  the  discharge  of  the  inflow  streams,  Qt  is  the 
discharge  through  the  sub-glacial  tunnel,  Qo  is  the 
discharge  of  an  alternative  outflow  of  water  if  in 
existence,  and  t  =  0  is  the  time  at  which  the  lake  is 
sealed.  Thus  the  variation  in  hydrostatic  pressure,  which 
can  be  observed  directly  by  measuring  the  lake  level,  can  be 
related  to  the  discharges  through  the  tunnel  and  of  the 
inflow  streams.  Qi  is  usually  easily  measured  if  a 
discharge/stage  relation  is  established,  and  the  stage  is 
monitored  over  the  period  of  the  lake's  existence.  Qo  can  be 
estimated  by  similar  means,  but  Qt  has  to  be  obtained  by  the 
equation  above,  (25),  given  that  Qi  and  Qo  are  known.  The 
discharge  through  the  tunnel  is  predicted  by  the  model  of 
Nye  (1976).  The  tunnel  drainage  follows  three  phases. 

1.  The  rates  of  enlargement  and  closure  are  balanced  in  the 
initial  stages.  The  exact  relationship  of  discharge  to 
time  has  not  been  investigated  but  Nye  (1976)  shows  that 
this  is  an  unstable  situation,  leading  to  the  next 
stage . 

2.  The  rate  of  enlargement  through  melting  becomes 
dominant,  giving  rise  to  the  catastrophic  flood  typical 
of  drainage.  The  discharge  is  related  to  the  volume  of 
the  lake  by  equation  (15)  (page  30). 

3.  If  the  reservoir  is  exhausted  then  the  tunnel  will  later 
close.  The  lake  will  be  resealed  after  a  period  during 
which  Qt  =  Qi .  Depending  on  the  geometry  of  the  lake, 
and  the  rate  of  plastic  closure,  the  lake  may  be 
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resealed  before  the  reservoir  is  exhausted.  This  occurs 
when  the  rate  of  closure  through  creep  becomes  dominant. 

Thus  the  variation  of  hydrostatic  and  glaciostatic 
pressure  can  be  modelled  and  the  history  of  a  given  lake  can 
be  predicted  if  sufficient  information  exists.  Two 
possibilities  are  outlined  below,  the  first  a  situation 
where  the  lake  level  is  unconstrained,  that  is  where  the 
lake  water  has  no  alternative  mode  of  escape;  the  second 

possibility  is  that  where  the  lake  level  has  a  maximum 
possible  value. 

i-ake  1  eve  1  unconstrained 

1.  The  glaciostatic  pressure  increases  due  to  the  surge  of 
the  glacier,  to  a  maximum  ice  thickness  of  h(max).  If 
the  glaciostatic  pressure  exceeds  the  hydrostatic 

pressure,  then  the  basin  will  be  sealed  and  a  lake  will 
start  to  form. 

2.  The  glaciostatic  pressure  will  decrease  at  a  rate  of  a^, 
g,  and  the  hydrostatic  pressure  will  increase  at  a  rate 

Doi/Qi  /  Vo)  until  the  two  become  equal,  at  which 
point  tunnel  drainage  commences.  The  hydrostatic 
pressure  is  then  governed  by:- 

Pw  =  SujQ  Do{  ( /  Q  i  dt  -/Qt  dt  )  /  V  }  (24) 


The  integral  of  Qi  from  0  to  t  with  respect  to  time  is 
the  volume  of  water  supplied  by  the  inflow  stream  from 
the  start  of  the  melt  season  to  time  t.  When  Qt  exceeds 
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Qi  the  lake  level  will  start  to  fall  and  the 
catastrophic  flood  will  ensue. 

3.  Depending  on  reservoir  geometry  and  rate  of  creep 
closure  of  the  tunnel,  the  jokulhlaup  will  either 
terminate  before  exhaustion  of  the  reservoir  through 
resealing  of  the  tunnel  or  the  reservoir  will  be 
exhausted  and  the  tunnel  will  reseal  at  a  later  date. 

4.  This  sequence  of  events  will  be  repeated  until  the  ice 
dam  is  too  low  to  retain  the  lake,  or  the  feeder  stream 
finds  an  alternative  course. 

Lake  level  constrained 

1.  The  initial  formation  is  as  above. 

2.  The  lake  will  fill  until  the  hydrostatic  pressure 
attains  the  maximum  possible  value  i.e.  D  =  Do,  at  which 
point  the  lake  level  will  be  fixed. 

3.  The  lake  will  remain  stable  until  the  glacier  ablated  to 
the  point  where  Pw  =  Pi  and  tunnel  drainage  will  be 
initiated. 

4.  The  lake  level  will  start  to  fall  when  Qi  =  Qt ,  and  the 
jokulhlaup  will  follow. 

5.  The  sequence  of  events  will  be  repeated  with  tunnel 
drainage  being  initated  at  increasingly  earlier  stages 
of  lake  filling  until  Qt  exceeds  Qi  before  D  =  Do,  at 
which  point  the  history  becomes  that  of  a  lake  with  no 
constraint  on  lake  level. 

Appl i cat  ion  of  the  mode  1  to  Hazard  Lake 

Application  is  in  some  ways  difficult  due  to  the  fact 
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that  data  is  incomplete,  but  some  useful  results  can  be 
obtained  and  the  weaknesses  in  data  collection  can  be 
pinpointed.  The  inputs  to  the  model  that  are  Known  with  a 
reasonable  degree  of  certainty  are: 

1.  The  ablation  rate  of  the  ice  dam,  reported  by  Collins 
and  Clarke  (1977)  to  be  2.65  m/year  (from  measurements 
made  over  one  year  only) . 

2.  The  exact  dates  of  drainage  in  1978  and  1979,  and 
approximate  dates  for  other  events. 

3.  The  date  and  duration  of  the  surge  of  the  Steele 
Glacier,  stated  to  be  1965  to  Summer,  1967,  by  Stanley 
(  1969) . 

4.  The  discharge  estimates  for  the  inflow  streams  reported 
in  this  study. 

5.  The  geometry  and  volume  of  the  lake  as  reported  by 
Clarke  (1980a, b),  with  V  =  19,790,000  m3  and  m  =  0.06. 

6.  The  elevation  of  the  surface  of  the  Steele  Glacier  in 
the  vicinity  of  the  ice  dam  (1705  m.a.s.l)  and  the 
maximum  lake  level  ( 1 674m. a . s . 1 )  (Clarke,  1980b) 

From  this  data  a  number  of  deductions  can  be  made.  The 
initial  thickness  of  the  glacier  after  surge,  h,  can  be 
calculated  as  follows.  From  the  floatation  hypothesis, 
drainage  will  take  place  under  the  conditions  of  equation 
( 4 )  ( page  18). 

In  1975,  h  -  D  =  31  m,  and  thus  h  =  344  m.  If  the 
ablation  rate  is  2.65  m/year  then  the  thickness  after  surge 
=  369  m.  If  the  lake  was  not  in  existence  prior  to  the  surge 


99 


then  the  value  of  h  must  have  been  such  as  to  be  equivalent 
to  a  value  of  d  less  than  161  m.  This  gives  a  value  of  h  of 
180  m,  the  maximum  thickness  prior  to  the  surge.  This 
assumes  that  the  glaciostatic  pressure  remains  the  control 
on  the  filling  of  the  lake,  although  in  fact  Hazard  Creek  is 
known  to  have  found  an  alternative  drainage  channel  along 
the  margin  of  the  Steele  Glacier.  By  similar  methods  the 
date  at  which  the  lake  will  cease  to  exist  can  be  predicted 
to  be  when  h  reattains  180m,  in  2045.  There  are  considerable 
uncertainties  in  predicting  the  variation  in  Qi .  These  are 
the  main  data  lacking  in  the  application  of  the  model,  as 
only  one  discharge  measurement  was  made  in  the  course  of 
this  study.  However,  using  the  arguments  outlined  earlier, 
and  the  work  of  Faber  (1972)  on  Rusty  Creek,  a  basic  model 
for  this  variation  can  be  set  up.  Faber  shows  that  peak 
discharge  for  the  year  occurs  in  mid  July.  Break  up  in  the 
area  is  in  mid  May  and  freeze  up  mid  September.  Peak 
discharge  in  1979  was  measured  at  1.04x106  m3/day,  based  on 
a  mean  daily  discharge  of  12m3  /s.  The  simplest  possible 
model  i s  of  a  linear  increase  from  0  at  break  up  to  the 
discharge  maximum  on  the  15th  of  July,  followed  by  a  linear 
decrease  back  to  0  at  freeze  up.  This  is  clearly  an 
oversimplification  but  in  the  absence  of  better  data  is  used 
as  an  input  to  the  model. 

Using  these  data,  a  number  of  events  can  be  predicted. 

1.  The  date  of  initiation  of  tunnel  drainage,  and  the 


critical  lake  level. 
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2.  The  volume  of  the  lake  at  this  point 

3.  The  date  of  drainage  of  the  lake 
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The  lake  level  at  which  drainage  occurs  is  predicted 
from  the  knowledge  that  in  1975,  d  =  338  m  was  the  critical 
level  for  tunnel  formation.  If  the  ablation  rate  of  the  ice 
dam  is  2.65  m  /year  then  the  critical  lake  level  decreases 
by  2.38  m  /year.  The  decrease  in  lake  volume  at  this  point 
can  be  calculated  by  equation  (14)  (page  29).  The  date  of 
creation  of  tunnel  drainage  can  be  predicted  from  knowledge 
of  the  critical  lake  level  and  the  filling  rate  of  the  lake. 
The  volume  at  the  critical  level  is  V  and  this  is  equal  to  . 
Qi  dt .  In  this  case  Qi  =  ct  where  t  =  0  is  May  15th,  and  c  = 

( 1  . 04x 1 06  /  6  O')  m3  /day  until  July  15th,  and  (-  1  .  04x1  06  /  60) 
m3/day  subsequently.  Thus 

V  =  c  t2  /  2  (25) 

and  thus  the  date  of  tunnel  drainage  can  be  predicted. 

Qt  is  not  known  in  the  earlier  stages  of  drainage,  but 
a  simple  model  may  be  substituted  for  its  behaviour  as  an 
illustration  of  the  application  of  the  model.  If  it  is 
considered  that  Qt  varies  linearly  from  zero  at  the 
initiation  of  the  tunnel  until  Qi  =  Qt,  the  slope  of  this 
line  can  be  obtained  using  the  19/9  data,  where  tunnel 
formation  occured  18  days  before  Qi  =  Qt  =  12  m3/s.  Thus  the 
variation  of  Q(t)  can  be  predicted,  and  the  date  of  rapid 
drainage  is  where  Qi  =  Qt.  Qi  =  ct,  and  Qt  =  b(t-t^)  where  c 


. 
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is  defined  as  above,  b  =(1.04*10*  /18\m3/day,  and  t  is  the 

*v. 

number  of  days  between  breakup  and  tunnel  formation. 

These  predictions  are  given  in  Table  7.  The  faults  in 
the  model  are  apparent  when  this  is  compared  to  Table  1,  the 
actual  chronology  of  events  concerning  the  lake.  However, 
the  fault  probably  lies  in  the  assumptions  made  regarding  Qi 
and  Qt .  Qi  varies  in  character  from  year  to  year,  a  high 
melt  year  in  1977  resulting  in  an  earlier  date  of  drainage 
than  in  1978.  The  simple  linear  model  for  variation  in 
discharge  over  the  melt  season  used  here  is,  from 
consideration  of  the  behaviour  of  other  glacial  streams,  not 
a  par i i cu 1 ar 1 y  accurate  one.  However,  the  results  do 
approximate  to  reality,  and  with  better  input  data,  the 
predictions  should  be  reliable. 

C.  Lake  processes 

A  glacial  stream  entering  a  lake  may  do  so  in  three 
ways  ( Bates , 1953 ) . 

1.  Underflow,  if  the  density  of  the  inflow  stream  exceeds 
that  of  the  lake  water. 

2.  Interflow,  if  the  densities  of  the  lake  water  and  inflow 
stream  are  equa 1 . 

3.  Overflow,  if  the  density  of  the  stream  water  is  exceeded 
by  that  of  the  lake. 

The  density  difference  between  the  lake  water  and  the  waters 
of  Hazard  Creek  can  be  easily  estimated.  The  temperature 
difference  is  considered  to  be  negligible,  the  differences 
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Table  7 :  Predictions  of  the  historical  model 


These  are  the  results  as  calculated  by  the  methods  outlined 
in  the  text,  d  is  the  elevation  in  metres  above  the  seal  at 
which  point  drainage  will  commence.  V  is  the  volume  of  the 
lake  at  this  stage  in  m3\106  .  D(t)  is  the  date  at  which 
tunnel  drainage  will  commence  and  D(l)  is  the  date  at  which 
the  jokulhlaup  will  occur. 


Year 

d 

V 

D  ( t ) 

D(l) 

1975 

338.0 

19.79 

July  3 

1976 

335.6 

17.00 

June  30 

July  20 

1977 

333.2 

14.55 

June  27 

July  14 

1978 

330.8 

12.41 

June  24 

July  11 

1979 

328.5 

10.67 

June  21 

July  9 

1980 

326.0 

9.63 

June  18 

July  1 

1983 

318.9 

5.57 

June  1 1 

June  20 

1985 

314.1 

3.99 

June  7 

June  15 
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of  less  than  one  degree  giving  a  density  difference  of  less 
than  0.1  g/1.  The  suspended  sediment  content  is  more 
variable.  The  lake  water  had  a  mean  suspended  sediment 
content  of  0.04  g/1,  and  the  inflow  stream  had  values 
ranging  from  0.206  g/'l  to  1.88  g/1.  These  values  can  be 
converted  to  actual  densities  by  assigning  a  specific 
gravity  of  2.65  to  the  sediment,  and  calculating  the  weight 
of  water  displaced  by  the  sediment.  This  shows  that  the 
density  difference  between  lake  and  stream  waters  is  a 
minimum  of  0.103  g/1  and  a  maximum  of  1.146  g/1.  Bell  (1942) 
states  that  a  density  difference  of  0.01%  is  sufficient  to 
give  underflow.  The  density  difference  approaches  this  value 
at  the  minimum  but  is  in  general  much  higher.  Thus  underflow 
is  the  most  likely  mode  of  entry  of  the  inflow  stream.  The 
characteristics  of  this  underflow  will  depend  on  the 
variation  in  the  discharge  and  suspended  sediment  content  of 
the  waters  of  Hazard  Creek.  It  will  thus  vary  widely  in 
magnitude  on  a  diurnal  basis,  and  may  not  operate  at 
discharge  minimum,  and  low  suspended  sediment 
concentrations.  Thus  the  effect  of  stream  inflow  is  of  a 
daily  turbidity  flow,  that  suspended  sediment  concentration 
appeared  to  be  related  to  discharge  although  the  exact  form 
of  this  relationship  was  not  investigated.  The  variation  of 
discharge  with  time  follows  three  periodic  fluctuations. 
Firstly,  a  daily  variation,  apparent  from  the  results 
reported  earlier  in  this  study;  secondly  a  longer  period 
variation  related  to  weather  conditions,  apparent  again  in 
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the  stage/time  graph  of  Figure  10,  and  thirdly,  the  annual 
variation  from  0  at  break  up  to  a  maximum  in  mid  summer  to  0 
again  at  freeze  up. 

Examination  of  the  results  of  temperature  and  suspended 
sediment  content  for  the  lake  show  that  the  lake  is 
essentially  unstratified.  The  presence  or  absence  of 
stratification  is  an  important  control  on  the  nature  of  the 
sediments  deposited. 

D.  Interpretat i on  of  the  lake  sediments 

Firstly  the  effects  of  repeated  filling  and  emptying  on 
the  sediments  are  considered.  Theoretically  this  should  take 
the  form  of  a  transgressive  to  regressive  sequence.  At  a 
given  point,  the  mean  grain  size  should  initially  grade  from 
coarse  to  fine,  whilst  the  lake  is  filling,  and  subsequently 
rapidly  grade  from  fine  to  coarse  as  the  lake  empties.  If  a 
record  exists  of  the  repeated  draining  events,  this  pattern 
should  be  repeated  a  number  of  times.  Flowever ,  this  trend  is 
only  seen  once  in  the  sections  examined.  This  is  best 
explained  by  considering  the  bulk  of  the  sediment 
constituting  the  sections  to  be  the  product  of  the  initial 
period  of  stability  following  the  first  filling  of  the  lake. 
This  hypothesis  is  supported  by  the  volume  of  sediment  in 
existence,  over  one  metre  in  relatively  distal  positions, 
and  the  short  period  of  time  available  for  sedimentation 
during  cyclic  drainage  (one  to  two  months  as  opposed  to  nine 
years).  This  indicates  that  much  of  the  sediment  deposited 


105 


in  recent  fillings  is  eroded  during  the  drainage,  and  while 
the  lake  is  empty.  Erosion  was  observed  on  steep  slopes  in 
the  lake,  where  little  sediment  was  preserved  during 
drainage . 

A  model  for  sedimentation 

The  main  agent  of  sediment  input  to  the  lake  is 
underflow  from  the  inflow  stream  as  a  turbidity  current. 

This  is  considered  to  be  a  daily  event  during  the  melt 
season,  and  the  magnitude  of  the  flow  is  dependent  on  the 
discharge  of  the  inflow  stream,  which  varies  according  to 
the  pattern  outlined  above.  As  the  lake  filled  the  effect 
would  be  of  an  increasing  distance  from  the  source  of 
sediment,  the  inflow  stream.  After  filling  this  would  be 
constant  for  the  period  of  stability,  and  then  decrease 
rapidly  during  drainage.  The  effects  on  the  sediments  of 
this  source  movement  are  controlled  by  the  effects  on 
current  velocity.  It  would  be  expected  that  current  velocity 
would  decrease  exponentially  with  distance  from  source  if 
the  slope  remains  constant.  Thus  the  sediments  should  show 
the  effects  of  two  variations  in  the  depositing  current,  the 
variations  in  magnitude  due  to  variation  of  discharge  of  the 
source  stream,  and  the  variations  due  to  the  change  in 
position  of  the  source. 

The  facies  states  outlined  earlier  are  character i st ic 
of  deposition  in  definite  flow  conditions.  These  are  in 
order  of  relative  current  strength  A,  B1,  B3,  B2,  C,  D.  The 
grain  size  of  facies  A  precludes  deposition  from  underflow. 
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Facies  B4  would  be  deposited  in  declining  currents,  of 
similar  srtegnth  to  those  depositing  facies  B2  and  C.  Thus 
the  probable  position  of  deposition  of  the  sediments  is 
indicated.  The  gravel  facies  is  deposited  by  stream  flow; 
the  sand  facies  B1-B3  are  deposited  by  underflow  in  proximal 
positions;  B4  is  deposited  in  declining  flow  conditions  in 
relatively  proximal  positions;  C  is  deposited  by  underflow 
in  distal  positions;  D  is  deposited  from  suspension  in  times 
of  little  underflow  activity. 

The  variation  in  the  underflow  can  account  for  the 
characteristics  of  some  of  the  sediments.  The  laminae  of 
facies  C  are  probably  due  to  the  diurnal  variation  in  input 
resulting  in  a  sequence  of  increasing  and  declining  flow, 
giving  rise  to  the  grading  seen.  This  hypothesis  may  be 
.tested  in  the  following  manner.  An  examination  of  Plate  9 
and  other  photographs  allows  an  estimation  of  the  mean 
thickness  of  the  laminae.  If  this  is  divided  into  the 
thickness  of  the  section,  this  gives  the  number  of  laminae 
in  the  section.  This  should  be  equal  to  the  the  number  of 
active  days  during  the  deposition  of  the  facies  which  can  be 
estimated,  given  that  these  sediments  are  the  product  of  the 
nine  years  of  stability,  to  be  1090  days.  The  estimated 
number  of  laminae  is  985,  providing  strong  support  for  the 
hypothesis.  Further  support  for  the  existence  of  underflow 
was  the  observation  of  a  sharp  break  between  the  waters  of 
the  inflow  stream  and  the  lake  at  the  point  of  entry  of  the 
stream  as  the  stream  water  "dives"  beneath  the  lake  water. 
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Examination  of  Plate  8  shows  that  laminae  thin  as  they  drape 
over  a  boulder .  If  deposition  was  from  suspension  from 
overflow  or  interflow,  the  laminae  would  not  show  this 
variation  in  thickness,  and  thus  deposition  from  suspension 
in  a  bottom  current  is  likely.  In  the  sampling  of  the  lake 
waters,  an  increase  in  suspended  sediment  concentration  and 
temperature  was  observed  near  to  the  lake  bottom  at  sample 
position  C2.  This  point  is  located  in  the  centre  of  the  lake 
basin,  and  these  observations  may  indicate  the  detection  of 
turbid  flow  on  the  lake  bottom.  No  evidence  was  observed  for 
the  effects  of  the  longer  term  cycles  on  these  deposits  and 
this  will  be  discussed  later. 

These  laminated  sediments  are  not  considered  to  be  the 
product  of  wind  generated  bottom  currents.  The  uniformity  in 
thickness,  and  the  absence  of  any  other  sedimentary 
structures  makes  this  unlikely,  as  it  would  require  winds  of 
a  very  high  degree  of  regularity  in  strength  and  duration. 
This  particular  location  is  subject  to  wide  variation  in 
wind. 

The  model  can  be  applied  to  explain  the  characteristics 
of  the  sections  measured.  Sections  D4,  8,  9,  13,  15,  16,  17, 
18,  19,  20,  21,  and  22  all  show  the  same  general 
char acter i s t i cs ;  gravel  at  the  base  of  the  section, 
unconformably  overlain  by  laminated  silts,  which  themselves 
grade  into  sand  facies  B2  or  B4;  overlying  this  is  the  clay 
facies  D  draped  over  the  underlying  sedments.  The  most 
complete  example  is  D18,  but  all  the  above  sections  show  at 
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least  part  of  this  sequence.  This  can  be  interpreted  in  the 
following  manner.  Initially,  before  the  filling  of  the  lake, 
the  valley  was  filled  by  a  braided  stream.  The  gravels  are 
interpreted  as  being  the  product  of  sedimentation  in  this 
environment  and  thus  were  deposited  prior  to  the  formation 
of  the  lake.  On  filling  a  transition  to  a  lacustrine 
environment  occurs.  It  might  be  expected  that  the  sediments 
should  grade  from  the  coarse  gravels  to  the  laminated  silts, 
but  this  is  only  seen  in  one  section,  D3.  This  sharp 
transition  would  be  possible  if  the  turbid  underflow  was 
confined  during  filling  to  one  major  channel,  possibly  the 
existing  stream  bed.  The  effects  of  this  underflow  during 
this  period  would  thus  be  confined  to  this  channel,  until 
the  lake  attained  its  maximum  level.  At  this  point  the 
position  of  inflow  would  become  relatively  stable,  resulting 
in  very  high  rates  of  sedimentation  at  this  point.  This  may 
have  choked  the  confining  channel  and  allowed  the  underflow 
to  migrate  over  the  delta  surface,  allowing  sedimentation 
over  a  large  part  of  the  lake  basin,  and  the  deposition  of 
the  laminated  silts.  An  alternative  hypothesis  is  that 
during  the  period  of  filling,  underflow  was  not  the 
predominant  process.  This  is  certainly  likely  in  the  early 
stages,  as  the  lake  water  would  initially  have  a  high 
suspended  sediment  concentration,  close  to  that  of  the 
inflow  stream,  and  interflow  or  overflow  could  result.  Thus 
initial  sedimentation  could  be  by  deposition  from 
suspension,  and  the  sediments  would  not  show  the  effects  of 
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current  action. 

When  drainage  commenced,  the  source  moved  closer  to  the 
point  of  deposition,  resulting  in  the  observed  grading  into 
sand  facies,  due  to  the  increasing  power  of  current  flow. 

The  degree  of  this  effect  depends  on  the  position  of  the 
section  relative  to  the  source.  Sections  D14,  17,  and  22  are 
exposed  in  positions  some  distance  from  the  main  stream  flow 
reestablished  after  drainage.  Thus  they  are  unaffected  by 
the  increasing  current  activity  during  drainage,  and  the 
sequence  seen  is  simply  from  laminated  silts  to  clay. 

Section  13  is  exposed  close  to  the  inflow  of  minor  stream  1 
and  the  other  sections  are  exposed  close  to  Hazard  Creek. 
Thus  they  are  affected  strongly  by  current  activity  during 
drainage.  It  might  be  expected  that  these  sections  should 
show  effects  of  an  increasing  current,  followed  by  a 
decrease  as  the  stream  abandons  the  area  as  drainage 
progresses.  This  is  to  some  extent  seen,  but  the  situation 
is  complicated  by  the  fact  that  these  sediments  at  the  top 
of  the  sections  could  have  been  deposited  in  any  of  the 
drainage  events,  or  be  the  product  of  more  than  one 
drainage.  Also  the  effects  of  erosion  are  difficult  to 
gauge.  The  clay  draped  over  some  of  the  sections  is 
deposited  during  drainage,  in  the  final  stages,  where 
sediment  is  washed  down  as  the  lake  level  drops.  In  the 
areas  unaffected  by  stream  action  the  effect  of  drainage  is 
analogous  to  a  very  slow  current,  that  washes  fine  material 
from  the  sediment,  and  redeposits  it  as  drainage  becomes 
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complete.  This  was  observed  to  occur  at  the  lake  margins 
during  drainage. 

Sections  D7 ,  10  and  12  show  thicker  and  more  complex 
sequences  at  the  top  of  the  section.  These  can  be  explained 
by  the  hypothesis  that  these  locations  were  exposed  to  a 
greater  variation  in  the  amount  of  stream  flow.  In  the  case 
of  section  DIO  it  would  seem  that  the  section  was  at  some 
time  in  the  path  of  an  active  stream  channel,  later 
abandoned.  This  results  in  a  grading  upward  into  gravel, 
followed  by  a  return  to  sand  facies  as  the  flow  declined. 

The  character i st ics  of  the  other  sections  can  be  explained 
in  a  similar  fashion.  Sections  1/2,  5/6  and  11  show 
considerable  complexity,  and  do  not  possess  the  laminated 
silt  facies.  These  sections  are  exposed  very  close  to  the 
inflow  of  the  stream  at  maximum  lake  level,  being  covered  by 
one  to  two  metres  of  water  at  the  most.  It  is  suggested  that 
these  are  typical  glaciolacustr ine  deposits,  showing 
frequent  alternation  between  sand  facies,  and  evidence  of 
relatively  high  current  flow,  being  the  only  sections 
containing  facies  B1  and  B3. 

One  feature  that  requires  some  explanation  is  the  lack 
of  evidence  for  any  annual  cycle  in  the  laminated  silt 
facies.  It  is  possible  that  sampling  on  a  finer  scale  than 
that  done  in  this  study,  say  every  two  centimetres  or  finer, 
may  have  revealed  grain  size  trends  with  depth.  Certainly 
the  cases  where  several  samples  were  taken  at  different 
depths  such  as  section  D12  reveal  that  the  sediments  are 
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quite  variable.  The  absence  of  varves  as  such  is  easily 
explained.  The  winter  section  of  the  varve  is  deposited 
from  suspension  in  times  of  very  low  inflow.  In  this  case 
virtually  no  inflow  takes  place  for  seven  months  of  the 
year.  The  amount  of  sediment  that  can  be  deposited  in  this 
time  can  be  calculated.  The  average  suspended  sediment 
content  of  the  lake  water  is  0.04  g/1.  Considering  a  water 
column  with  a  height  of  10m  and  an  area  of  100  cm2,  then  4g 
of  sediment  is  contained  within  it.  If  this  is  entirely 
deposited  during  the  winter,  and  assuming  a  density  of  1.5 
g/cm3  (J.  Shaw,  University  of  Alberta,  personal 
communication),  this  results  in  a  bed  less  than  0.2  mm 
thick,  unrecogni seable  in  the  sedimentary  record  at  this 
level  of  sampling.  However,  at  lake  depths  of  100  m,  this 
would  produce  2  cm  of  sediment.  No  sediment  was  preserved  i 
the  deeper  portions  of  the  lake,  and  thus  this  was  not 
observed.  Thus  the  absence  of  stratification  on  the  lake, 
and  the  shallow  depths,  mean  that  insufficient  sediment  is 
held  in  suspension  to  allow  the  deposition  of  recognisable 
varves . 

Several  predictions  can  be  made  from  this  sedimentary 
model  that  can  be  used  as  a  test  of  the  model.  Mean  grain 
size  can  in  this  case  be  interpreted  as  a  measure  of  the 
ability  of  the  depositing  current  to  carry  sediment,  and 
thus  the  velocity  of  the  current,  in  this  case  the  main 
control  on  current  velocity  is  distance  from  the  source  as 
the  slope  of  the  lake  bottom  is  fairly  uniform  over  the 


■ 


112 


region  of  sampling,  and  thus  proximal  deposits  should  have  a 
larger  mean  grain  size  than  distal  deposits.  Similarly  the 
graphic  standard  deviation  can  be  interpreted  as  a  measure 
of  the  variability  of  the  current  depositing  the  sediment, 
and  in  this  case  increasing  distance  from  the  source  should 
have  a  smoothing  effect  on  this  variability.  Thus  sorting 
would  be  expected  to  increase  with  distance  from  source. 

Using  these  measures  it  can  be  predicted  from  the  model 
that  a  plot  of  mean  grain  size  against  sorting  should  be  a 
straight  line  if  mean  grain  size  is  measured  in  phi  units, 
with  the  most  proximal  deposits  at  the  coarse  and  poorly 
sorted  end  of  the  line.  Figure  16  shows  this,  with  facies  B3 
plotting  at  the  proximal  end  of  the  line,  and  facies  C  at 
the  distal.  Table  8  is  the  mean  values  for  these  parameters 
for  each  facies  state  analysed,  and  this  shows  that  the 
position  and  current  action  ascribed  to  each  facies  in  the 
model  is  correct,  the  order  of  proximity  being  B2-B3-B4-C.  A 
regression  was  performed  on  the  data  (from  facies  C  only), 
and  this  gave  a  value  of  0.95  for  the  correlation 
coefficient,  0.32  for  the  slope,  and  0.21  for  the  intercept 
on  the  graphic  standard  deviation  axis.  The  regression  was 
significant  at  alpha  =  0.01. 

If  the  laminated  silt  unit  is  considered,  the  position 
of  source  during  the  deposition  of  this  unit  is  considered 
to  be  constant,  at  the  maximum  lake  level.  Thus  the  distance 
of  the  source  from  the  section  can  be  estimated  (Appendix 
11).  If  mean  grain  size  or  sorting  is  plotted  against  this, 
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Table  8j_  Mean  grain  size  and  sorting  of  facies 


Given  below  are  the  means  for  each  of  four  facies  of 
Folk-Ward  parameters  mean  grain  size  (Mg)  and  graphic 
standard  deviation  (D).  Both  are  measured  in  phi  units. 


FACIES 

Mg 

D 

B2 

3.44 

1  .47 

B3 

3.28 

1  .04 

B4 

4.50 

1.21 

C 

6.40 

2.51 
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f-Lgujlg  111  Graph  of  mean  grain  size  /standard  deviation 


This  graph  plots  graphic  Folk-Ward  parameters  against  each 
other.  The  correlation  coefficient  for  this  relationship  is 
0.95,  and  the  regression  equation  obtained  for  facies  C 
samples  is 

Sorting  =  0.325  (Mean)  +  0.215. 

Both  are  measured  in  phi  units. 
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3  straight  lins  should  result  (Figurss  17,  18).  A  r eg r ss s i on 
analysis  was  performed  on  both  these  relationships,  using 
data  from  facies  C  only.  There  is  a  correlation  coefficient 
of  0.67  between  mean  grain  size  and  distance  from  source, 
and  an  F  test  shows  the  regression  to  be  significant  at 
alpha  =  0.01.  The  correlation  coefficient  between  sorting 
and  distance  from  source  is  0.45,  and  the  regression  is 
significant  at  alpha  =  0.01  also.  In  both  cases  the 
residuals  showed  no  trend.  On  the  graphs  it  can  be  seen  that 
the  points  which  do  not  fit  with  this  model  are  either  of 
another  facies,  or  at  a  great  distance  from  the  source 
(sections  D 1 8 , 19)  .  An  examination  of  Figure  5  shows  that 
D18,  and  D19  are  probably  dominated  by  sedimentation  from 
minor  stream  2,  which  explains  the  poor  fit.  Thus  these 
results  support  the  sedimentary  model  of  deposition  from 
under  flow. 
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Figure  1 7 : 


Gr^h  of  mean  grajji  size  /  proximi  ty 


The  correlation 
The  equation  of 

Data  from  facies 


coefficient  for  this  relationship  is  0.67. 
the  regression  line  drawn  on  the  graph  is 
Distance  =  274.5  (Mean)  -  1014. 

C  alone  were  used  for  this  analysis. 
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F iqure  1 8 :  Graph  of  standard  devi at  ion  /proximi tv 


This  graph  plots  graphic  standard  deviation  against  distance 
from  source.  Standard  deviation  is  measured  in  phi  units. 

The  correlation  coefficient  for  this  relationship  is  0.45, 
and  the  equation  of  the  regression  line  drawn  for  the  data 
from  facies  C  is 

distance  =  542.3  (sorting)  -  452.4 


VI.  Conclusions  and  suggestions  for  further  work 

A  summary  of  conclusions  made  in  this  study  is  given  below: 

1.  The  Nye  model  as  adapted  by  Clarke  is  supported  by  the 
results  obtained  in  the  1979  field  season. 

2.  The  1978  and  1979  floods  were  very  similar  in  discharge 
character i st i cs ,  indicating  that  the  model  is  applicable 
through  time  i.e.  the  physical  parameters  of  the  flood 
do  not  change  from  year  to  year . 

3.  The  value  of  the  Manning  roughness  coefficient  n'  found 
by  Clarke  of  n' =0.009  is  supported  by  the  results  of 
1979,  although  it  is  suggested  that  incomplete  tunnel 
closure  results  in  a  misleading  value  for  this 
coefficient  due  to  its  effect  on  the  potential  gradient 
used  as  an  input  to  the  model. 

4.  The  main  constraint  on  predicting  dates  of  drainage 
using  a  model  based  on  the  floatation  hypothesis  is  an 
adequate  knowledge  of  the  water  balance  of  the  lake,  and 
the  mass  balance  of  the  confining  glacier. 

5.  Tunnel  drainage  appears  to  be  established  up  to  20  days 
before  the  jokulhlaup  becomes  apparent.  Thus  the  early 
stages  of  tunnel  drainage  are  relatively  important  in 
prediction  of  drainage  dates. 

6.  The  period  of  stability  dominates  sedimentation  in  the 
lake,  and  the  cyclic  drainage  produces  no  character i st ic 
sediments . 

7.  The  dominant  process  of  sedimentation  in  the  lake  is 
that  of  deposition  from  turbid  underflow. 


118 


119 


8.  The  lake  is  unstratified  with  regard  to  temperature,  and 
the  volume  of  sediment  preserved  in  the  water  column  is 
insufficient  to  allow  deposition  of  classical  varves. 

Suggestions  for  f ur ther  work 

1.  A  close  monitoring  of  the  inflow  streams,  and  the 
overflow  if  operating  could  lead  to  a  better  prediction 
of  drainage  dates,  and  a  description  of  the  early  stages 
of  tunnel  drainage. 

2.  It  seems  possible  that  the  closure  of  the  tunnel  after 
drainage  could  be  modelled,  and  the  hypothesis  of 
partial  closure  tested.  This  could  result  in  the 
calibration  and  general  application  of  the  Nye  model. 

3.  A  more  detailed  sampling  program  could  lead  to  the 
identification  of  the  effects  of  the  annual  cycle  in 
discharge  on  the  lake  sediments. 

4.  Use  of  a  coring  device  whilst  the  lake  is  full  could 
enable  the  effects  of  the  drainage  of  the  lake  on  the 
sediments  to  be  investigated. 
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VIII.  Append i x  1 


A.  Section  descriptions 

These  descriptions  are  field  notes.  Unless  stated  beds 
are  flat  lying,  and  contacts  sharp.  For  location  of  the 
sections  see  Figure  5.  Sections  are  described  from  the  top 
downwards,  and  are  measured  in  metres.  The  nomenclature  of 
Jopling  and  Walker  (1969)  has  been  applied  to  ripple  drift 
cross  lamination. 

Sect  ion  D 1 
0-0.21 

Medium  grained  poorly  sorted  sand  underlying  thin  veneer 
of  clay  on  surface.  Roughly  bedded,  thickness= 1cm. 

Sample  D1A. 

0.21-0.26 

Sharp  contact  over  interbedded  very  coarse  and  medium 
sand . 

0.26-0.35 

Fining  down  bed  of  coarse  sand  to  silt,  laminated. 
0.35-0.51 

Poorly  bedded  medium  grained  sand,  fining  in  lowest  3cm 
to  fine  sand. 

0.51-0.68 

Poorly  sorted  gravel,  average  grain  size  1cm  diameter, 
poorly  bedded.  Sample  DIB. 

0.68-0.91 

Gradational  contact  into  coarse  sand  with  pebbles, 
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mass i ve 


0.91-0.94 


Massive  fine  grained  sand/silt,  fines  downwards.  Sample 
D1C. 


0.95- 

Coarse  grained  flat  bedded  sand  with  pebbles,  poorly 
sor  ted . 

Sect i on  D2 

This  section  lies  below  D1,  lying  2m  north.  It  is 
suggested  that  the  first  three  units  described  correlate 
with  the  last  three  units  of  D1. 

0-0.09 

Massive  coarse  sand  with  pebbles  up  to  1  cm  diameter. 
0.09-0. 16 

Gradational  contact  into  unit  fining  downward  from  fine 
sand  to  silt,  laminated.  Sample  D2A. 

0. 16-0.21 

Very  coarse  sand  with  pebbles,  poorly  sorted. 

0.21-0.23 

Medium  grained  well  sorted  sand. 

0.23-0.29 

Undulating  rippled  contact  leads  into  fine,  well  sorted 
sands.  Cross  laminated  (?). 

0.29-0.33 

Type  B  cross  laminated  medium  grained  sand. 

0.33-0.39 

As  above  but  with  occasional  draping  of  silt/clay  over 
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1  ami nae . 

0.39-0.40 

Massive  coarse  sand 
0.40-? 

Resi scant,  partly  consolidated  silt,  with  roots  embedded 
in  surface. 

Sample  2B  is  a  channel  sample  from  0.23-0. 39m. 

Sect  ion  D3 

0.00-0.05 

Type  A  cross  laminated  medium  grained  sands,  fining 
downward . 

0.05-0.09 

Finely  laminated  silt. 

0.09-0.36 

Roughly  bedded  medium  and  coarse  sands.  Sample  D3A. 
0.36-? 

Gravel,  pebble  diameters  ranging  from  0.5-10cm. 

Sect  ion  D4 

0.00-0.06 

Coarse  sand  with  pebbles  underlying  rippled  upper 
surface . 

0.06-0.  13 

Thinly  bedded  fine  sands  ( thickness= 1cm) . 

0.13  0.15 

Medium  grained  sand,  poorly  bedded. 

0. 15-0. 19 

Rippled  contact  overlies  cross  laminated  (?)  fine  sand. 
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0. 19-0.39 

Medium  grained  sand  grades  downward  into  laminated 
silts.  Sample  D4A  from  base  of  unit. 

0.39-? 

Grave  1 
Sect i on  D5 

0.00-0.01 

Fine  silt/clay  draping  rippled  surface  . 

0.01-0.04 

Fining  upward  sequence  from  very  coarse  to  medium  sand. 
0.04-0.25 

Sequence  of  graded  beds,  0.5-5  cm  in  thickness,  as  a 
whole  fining  downwards  from  predominantly  medium  sand  to 
fine  sand. 

0.25-0.45 

Gradational  contact  leads  into  laminated  silts.  Sample 
D5A  is  a  channel  sample  through  the  unit. 

0.45-0.55 

sequence  of  graded  beds  grading  from  coarse  to  fine 
sand . 

0.55-0.58 

Poorly  bedded  silts. 

Sect i on  D6 

This  section  lies  three  metres  away  from  section  D5 , 
and  the  first  unit  of  D6  lies  directly  below  the  last  unit 
of  D5 . 


0.00-0.30 
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Medium  coarse  sand,  poorly  bedded.  Sample  6B  is  a 
channel  sample  through  this  unit. 

0.30-0.41 

Laminated  silts  interbedded  with  fine  sand.  Sample  D6A 
is  a  channel  sample  through  the  unit. 

0.41-0.55 

Cross  laminated  fine  sand/silt. 

0.55-0.59 

Medium  to  coarse  grained  sand,  massive. 

Section  D7 

0.00-0.03 

Finely  laminated  clay  draped  over  rippled  surface. 
0.03-0. 15 

Coarse  sand  poorly  bedded  with  a  concentration  of 
pebbles  towards  the  base. 

0. 15-0.22 

Sequence  of  graded  beds,  thickness  1.5  cm,  grade  from 
coarse  to  medium  sand. 

0.22-0.23 

Medium  grained  sand,  cross  bedded  (?). 

0.23-0.27 

Coarse,  massive  sand. 

0.27-0.31 

Graded  beds,  coarse  to  medium  sand,  thickness  2cm. 
0.31-0.51 

Interbedded  fine/medium  sands,  fining  downwards. 


0.51-0.81 


. 
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L ami na t sd  si  1 1 / c 1  ay .  Samp  1 e  D 7 A  from  0.53-0.55;  samp  1 e 
D7B  from  0.60-0.65;  sample  D7c  from  0.66-0.72;  sample 
D7D  from  0.77-0.81  . 

0.81-? 

Coarse  gravel  with  boulders. 

Sect i on  D8 

0.00-0.02 
Massive  fine  sand 
0.02-0.52 

Coarse  sand/gravel,  structureless,  coarsening  towards 
base . 

0.52-0.84 

Laminated  silts.  Sample  D8A  is  a  channel  sample  through 
the  unit. 

0.84-? 

Gravel . 

Sect i on  D9 

0.00-0. 19 

Roughly  bedded  fine  to  medium  grained  sand. Sample  D9A. 
0.19-0.83 

Laminated  si  Its. Sample  D9B  from  0.20-0.28;  sample  D9C 
from  0.28-0.40;  sample  D9D  from  0.68-0.73;  sample  D9E 
from  0.80-0.83. 

0.83-? 

Gravel . 

Section  D10 


0.00-0.20 
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Underlying  thin  veneer  of  clay,  coarse  gravel,  with 
pebbles  up  to  5cm  diameter. 

0.20-0.23 

Flat  bedded  coarse  sand. 

0.23-0.25 

Graded  beds,  thicKness= 1cm,  grading  from  coarse  to  fine 
sand . 

0.25-0.26 

Fne  sand,  structureless . 

0.26-0.29 

Medium  sand,  massive. 

0.29-0.33 

Graded  beds  (sand-silt),  sample  D10A. 

0.33-0.50 

Laminated  sil.ts,  sample  D10B  from  base. 

0.50-? 

Grave  1 /coarse  sand. 

Sect i on  D 1 1 

0.00-0. 10 

Finely  bedded  fine  sand. 

0.  10-0.35 

Massive  coarse  sand. 

0.35-0.40 

Cross  bedded  (tabular)  medium  grained  sand. 

0.40-0.60 


Interbedded  medium  and  fine  sands,  type  B  cross 
laminated,  draping  of  clay  over  some  laminae. 
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0.60-0.72 

Very  fine  sand/silt,  horizontally  bedded,  shows  some 
grading . Sample  Dll  A  . 

0.72-0.79 

Massive  sand,  fining  downwards  from  medium  to  fine. 
0.79-0.81 

Coarse  sand,  structure  1  ess . 

0.81-? 

Gravel . 

Sect i on  D 1 2 

0.00-0.08 
Laminated  clay. 

0.08-0.09 

F i ne  sand . 

0.09-0. 12 

Laminated  clay/silt. 

0. 12-0. 13 

Fine  sand. 

0.13-0.17 

Lami nated  si  Its. 

0.17-0.28 

Type  A  cross  laminated  fine  sand.  Sample  D12A. 

0.28-0.84 

Gradational  contact  into  laminated  silts.  Sample  D12B 
from  0.30-0.35;  sample  D12C  from  0.40-0.45;  sample  D12D 
from  0.50-0.55;  sample  D12E  from  0.60-0.65;  sample  D12F 
from  0.70-0.75;  sample  D12G  from  base  of  unit. 


' 
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0.84-? 

Gravel . 

Sect i on  D 1 3 

0.00-0.01 

Structureless  fine  sand. 

0.01-0.27 

Laminated  silts.  Sample  D13A  is  a  channel  sample  through 
the  unit. 

0 . 27-? 

Coarse  gravel . 

Sect i on  D 1 4 

0.00-0.01 
Clay,  laminated. 

0.01-0.46 

Laminated  silt,  sample  D14A  is  a  channel  sample  through 
the  unit. 

0.46-? 

Gravel . 

Sect i on  D  1 5 

0.00-0.005 
Clay,  massive? 

0.005-0. 18 

Fine  sand,  bedded,  ( thicKness=3cm) ,  contains  leaves,  and 
twigs . 

0.  18-0.58 

Laminated  si  Its. Sample  D15A  is  a  channel  sample  through 


the  unit. 
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0.58-? 

Grave  1 
Sect  ion  D 1 6 

0.00-0.01 

Fine  sand, cross  laminated. 

0.01-0.03 

Massive  clay. 

0.03-0.06 

Flat  bedded  medium  sand. 

0.06-0. 1 1 

Fining  down  sequence  from  fine  sand  to  silt. 

0.11-0.90 

Laminated  silts.  Sample  D16A  from  0.11-0.15;  sample  D16B 
from  0.45-0.50;  sample  D16C  from  0.85  to  0.90. 

0.90-? 

Gravel . 

Section  D 1 7 

0.00-0.03 
Massive  clay. 

0.03-0.55 

Laminated  silts,  sample  D17A  is  a  channel  sample  through 
unit. 

0.55-? 

Gravel . 

Section  D18 


0.00-0.0025 
Laminated  clay. 


' 
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0.0025-0.03 

medium  sand. 

0.03-0.06 

Fining  up  bed  from  coarse  to  medium  sand. 

0.06-0.20 

Laminated  silts.  Sample  D18A  is  a  channel  sample  through 
the  unit. 

0.20-? 

Grave  1 s . 

Sect i on  D 1 9 

0.00-0.40 

Laminated  silts.  Sample  D19A  is  a  channel  sample. 

0.40-? 

Partly  consolidated  gravel. 

Sect  ion  D20 

0.00-0.005 
Massive  clay. 

0.005-0.05 

Flat  bedded  fine  sand. 

0.05-0.70 

Laminated  silts,  base  not  seen  but  estimated  thickness 
1.30m.  Sample  D20A  is  a  channel  sample  through  entire 
section;  sample  D20B  is  from  0.10-0.15;  sample  D20C 
0.20-0.25;  sample  D20D  from  0.40-0.45;  sample  D20E  from 
0.65-0.70. 

Section  D21 


0.00-0.  10 
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Massive  clay. 

0.10-0.11 

Fine  sand. 

0.11-1 .21 

Laminated  silts.  Sample  D21A  is  a  channel  sample.  Base 
of  unit  not  exposed. 

Sect i on  D2 1 

0.00-0.01 

Structureless  clay. 

0.01-0.41 

Laminated  silts.  Sample  D22A  is  a  channel  sample  through 
the  unit.  Base  of  unit  not  exposed. 


IX.  Appendix  2 


Raw  data ,  grain  size  analysis 

This  appendix  tabulates  the  results  of  grain  size 

analysis  performed  on  the  samples  collected.  Under  the 

heading  hydrometer  readings"  are  six  columns.  These  are: 

1.  EL.  TIME;  time  at  which  the  reading  was  taken,  given  in 
minutes  since  settling  commenced. 

2.  HYDR.;  Hydrometer  reading  at  this  point. 

3.  CORRN.;  Correction  factor  (the  hydrometer  reading  in  a 
settling  cylinder  containing  only  distilled  water  and 
di spersant ) . 

4.  T  DEG  C;  the  temperature  of  the  correction  cylinder 

5.  PHI;  The  diameter  of  the  particle  settling  at  this  time, 
in  phi  units. 

6.  PCT.  FNR.  The  percentage  of  the  sample  finer  than  this 
phi  value. 

The  sieve  results  are  given  in  a  similar  fashion.  The 

meaning  of  the  column  headings  in  this  case  is: 

1.  DIAM.  MM.;  the  mesh  size  of  the  sieve  in  mm. 

2.  WT .  GMS.;  the  weight  of  sample  retained  in  the  sieve 

3.  PHI;  the  particle  diameter  in  phi  units. 

4.  PER  CENT.;  The  percentage  of  the  total  sample  retained 
in  the  sieve 

5 .  PCT .  FNR . ;  as  above . 
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D 1 A 

HYDROMETER  RESULTS 
NONE 

SIEVE  RESULTS 


DIAM.  MM. 

WT.  GMS . 

PHI  PER 

CENT 

PCT .  FNR . 

4.000 

0.0 

-2.00 

0.0 

100.00 

2.000 

1  .59 

-1.00 

1  .56 

98.44 

1  .000 

3.13 

-0.0 

3.07 

95.38 

0.710 

2.51 

0.49 

2.46 

92.92 

0.500 

3.71 

1  .00 

3.63 

89.29 

0.300 

12.93 

1  .74 

12.66 

76.62 

0.250 

10.45 

2.00 

10.24 

66.39 

0.  180 

25.27 

2.47 

24.75 

41 .64 

0.  125 

21.29 

3.00 

20.85 

20.78 

0.090 

11.31 

3.47 

11.08 

9.71 

0.063 

4.51 

3.99 

4.42 

5.29 

■ 
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D1C 

HYDROMETER  RESULTS 


EL.  TIME  1 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

15.0 

11.5 

4.0 

24.0 

6.31 

15.00 

49.0 

9.4 

4.0 

24.0 

7.15 

10.80 

96.0 

8.5 

4.0 

24.0 

7.63 

9.00 

182.0 

7.8 

3.5 

24.0 

8.08 

8.60 

320.0 

8.0 

4.0 

24.0 

8.49 

8.00 

1400.0 

7.8 

4.0 

24.0 

9.55 

7.60 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

1  .000 

0.  19 

-0.0 

0.38 

99.62 

0.700 

0.13 

0.51 

0.26 

99.36 

0.500 

0.24 

1.00 

0.48 

98.88 

0.354 

0.35 

1.50 

0.70 

98.  18 

0.250 

0.65 

2.00 

1  .30 

96.88 

0.177 

0.87 

2.50 

1  .74 

95.  14 

0.  125 

2.65 

3.00 

5.30 

89.84 

0.088 

4.74 

3.51 

9.48 

80.36 

0.063 

5.05 

3.99 

10.10 

70.26 

■ 
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D2A 


HYDROMETER  RESULTS 

EL.  TIME  HYDR.  CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

26.5  5.5 

24.0 

4.00 

19.94 

1  .0 

20.0  5.5 

24.0 

4.44 

13.77 

2.0 

15.5  5.5 

24.0 

4.89 

9.50 

4.0 

11.2  5.5 

24.0 

5.36 

5.41 

7.0 

9.8  5.5 

24.0 

5.75 

4.08 

SIEVE  RESULTS 

DIAM.  MM. 

WT.  GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

4.000 

0.0 

-2.00 

0.0 

100.00 

2.000 

1  .07 

-1.00 

1  .02 

98.98 

1  .000 

1  .38 

-0.0 

1  .31 

97.67 

0.700 

1  .03 

0.51 

0.98 

96.70 

0.500 

1  .46 

1  .00 

1  .39 

95.31 

0.300 

3.88 

1  .74 

3.68 

91  .62 

0.250 

3.42 

2.00 

3.25 

88.38 

0.  180 

12.30 

2.47 

11.68 

76.70 

0.125 

20.02 

3.00 

19.01 

57.68 

0.090 

20.27 

3.47 

19.25 

38.43 

0.063 

12.61 

3.99 

11.98 

26.46 

. 
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D2B 

HYDROMETER  RESULTS 

EL.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5  25.5 

5.5 

24.0 

3. 

99 

20.07 

1.0  19.0 

5.5 

24.0 

4. 

42 

13.54 

2.0  14.0 

5.5 

24.0 

4. 

88 

8.53 

4.0  11.0 

5.5 

24.0 

5. 

36 

5.52 

8.0  9.5 

5.5 

24.0 

5. 

84 

4.01 

SIEVE  RESULTS 

DIAM.  MM.  WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0 

.0 

100.00 

1  .000 

0.02 

-0.0 

0 

.02 

99.98 

0.700 

0.47 

0.51 

0 

.47 

99.51 

0.500 

0.76 

1  .00 

0 

.76 

98.75 

0.300 

3.24 

1  .74 

3 

.25 

95.50 

0.  180 

18.49 

2.47 

18 

.55 

76.94 

0.063 

49.45 

3.99 

49 

.61 

27.33 
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D3A 

HYDROMETER  RESULTS 
NONE 

SIEVE  RESULTS 


DIAM.  MM.  WT, 

.  GMS . 

PHI  PER 

CENT 

PCT .  FNR . 

4.000 

0.0 

-2.00 

0.0 

100.00 

2.000 

1  .23 

-1.00 

1  .  14 

98.86 

1  .000 

2.79 

-0.0 

2.60 

96.26 

0.710 

3.09 

0.49 

2.87 

93.39 

0.500 

5.82 

1  .00 

5.41 

87.97 

0.300 

30.53 

1  .74 

28.40 

59.57 

0.250 

17.70 

2.00 

16.47 

43.11 

0.  180 

23.24 

2.47 

21  .62 

21  .49 

0.  125 

12.06 

3.00 

11.22 

10.27 

0.090 

5.  19 

3.47 

4.83 

5.44 

0.063 

2.08 

3.99 

1  .93 

3.51 
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D4A 

HYDROMETER  RESULTS 


EL.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

LO 

O 

58.5 

3.5 

24.0 

4.41 

67.52 

1.0 

52.5 

3.5 

24.0 

4.81 

60.15 

o 

CM 

45.0 

3.5 

24.0 

5.21 

50.95 

4.0 

35.0 

3.5 

24.0 

5.58 

38.67 

o 

00 

26.0 

3.5 

24.0 

5.99 

27.62 

15.0 

20.0 

3.5 

24.0 

6.39 

20.26 

30.0 

17.0 

3.5 

24.0 

6.86 

16.57 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

4.000 

0.0 

-2.00 

0.0 

100.00 

2.000 

0.01 

-1.00 

0.02 

99.98 

1  .000 

0.01 

-0.0 

0.02 

99.96 

0.700 

0.03 

0.51 

0.06 

99.90 

0.500 

0.03 

1  .00 

0.06 

99.84 

0.354 

0.06 

1  .50 

0.  12 

99.72 

0.250 

0.10 

2.00 

0.20 

99.52 

0.  177 

0.10 

2.50 

0.20 

99.32 

0.  125 

0.35 

3.00 

0.70 

98.62 

0.088 

0.95 

3.51 

1  .90 

96.72 

0.063 

1.59 

3.99 

3.18 

93.54 
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D5A 

HYDROMETER  RESULTS 


EL.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT.  FNR 

16.0 

13.8 

4.0 

24.0 

6.38 

19.60 

49.0 

10.9 

4.0 

24.0 

7.  16 

13.80 

98.0 

10.1 

4.0 

24.0 

7.66 

12.20 

184.0 

9.2 

4.0 

24.0 

8.11 

10.40 

318.0 

8.8 

4.0 

24.0 

8.49 

9.60 

1414.0 

8.6 

4.0 

24.0 

9.57 

9.20 

0.5 

37.5 

5.5 

24.0 

4.11 

64.00 

1  .0 

31  .5 

5.5 

24.0 

4.55 

52.00 

2.0 

25.0 

5.5 

24.0 

4.98 

39.00 

4.0 

19.0 

5.5 

24.0 

5.42 

27.00 

8.0 

15.5 

5.5 

24.0 

5.89 

20.00 

18.0 

12.5 

5.5 

24.0 

6.45 

14,00 

42.0 

10.5 

5.5 

24.0 

7.05 

10.00 

157.0 

10.0 

5.5 

24.0 

7.99 

9.00 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT  PCT .  FNR . 

1  .000 

0.02 

-0.0 

0.04 

99.96 

0.700 

0.03 

0.51 

0.06 

99.90 

0.500 

0.03 

1  .00 

0.06 

99.84 

0.354 

0.05 

1  .50 

0.10 

99.74 

0.250 

0.26 

2.00 

0.52 

99.22 

0.177 

0.  16 

2.50 

0.32 

98.90 

0.  125 

0.81 

3.00 

1  .62 

97.28 

0.088 

2.79 

3.51 

5.58 

91  .70 

. 
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0.063 


4-83  3.99  9.66  82.04 
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D6A 

HYDROMETER  RESULTS 


.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT.  FNR 

0.5 

36.5 

4.0 

24.0 

4.10 

65.00 

1  .0 

30.5 

4.0 

24.0 

4.54 

53.00 

2.0 

25.0 

4.0 

24.0 

4.98 

42.00 

4.0 

19.0 

4.0 

24.0 

5.42 

30.00 

8.0 

16.0 

4.0 

24.0 

5.90 

24.00 

14.0 

13.0 

4.0 

24.0 

6.28 

18.00 

16.0 

11.8 

4.0 

24.0 

6.36 

15.60 

50.0 

10.1 

4.0 

24.0 

7.17 

12.20 

98.0 

9.5 

4.0 

24.0 

7.65 

11.00 

181  .0 

9.7 

3.0 

24.0 

8.09 

13.40 

318.0 

9.1 

4.0 

24.0 

8.50 

10.20 

1412.0 

8.4 

4.0 

24.0 

9.57 

8.80 

EVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT  PCT .  FNR . 

2.000 

0.0 

-1.00 

0.0 

100.00 

1  .000 

0.08 

-0.0 

0.  16 

99.84 

0.700 

0.06 

0.51 

0.12 

99.72 

0.500 

0.07 

1  .00 

0.14 

99.58 

0.354 

0.08 

1.50 

0.16 

99.42 

0.250 

0.18 

2.00 

0.36 

99.06 

0.177 

0.43 

2.50 

0.86 

98.20 

0.  125 

1  .68 

3.00 

3.36 

94.84 

0.088 

3.95 

3.51 

7.90 

86.94 

0.063 

4.95 

3.99 

9.90 

77.04 

■ 
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D6B 

HYDROMETER  RESULTS 
NONE 

SIEVE  RESULTS 


DIAM. 

MM.  WT. 

.  GMS . 

PHI 

PER 

CENT 

PCT .  FNR . 

4. 

000 

0. 

0 

-2. 

00 

0. 

,0 

100.00 

2. 

,000 

0. 

03 

- 1  . 

00 

0, 

,03 

99.97 

1  . 

,000 

1  . 

46 

-0. 

0 

1  , 

.33 

98.64 

0. 

,710 

5. 

36 

0. 

49 

4, 

.90 

93.74 

0. 

,500 

17. 

1  1 

1  . 

00 

15. 

.64 

78.  10 

0, 

,300 

50. 

16 

1  . 

74 

45. 

,85 

32.25 

0, 

.250 

16. 

33 

2. 

00 

14. 

.93 

17.32 

0, 

,  180 

13. 

81 

2. 

47 

12, 

.62 

4.70 

0, 

.  125 

4. 

01 

3. 

00 

3, 

.67 

1  .03 

0 

.090 

0. 

59 

3. 

47 

0, 

.54 

0.49 

0 

.063 

0. 

08 

3. 

99 

0, 

.07 

0.42 

' 
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D7A 

HYDROMETER  RESULTS 


.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

52.0 

4.0 

24.0 

4.30 

96.00 

1  .5 

50.5 

4.0 

24.0 

5.08 

93.00 

2.0 

49.5 

4.0 

24.0 

5.27 

91  .00 

4.0 

46.5 

4.0 

24.0 

5.72 

85.00 

8.0 

42.0 

4.0 

24.0 

6.17 

76.00 

15.0 

38.0 

4.0 

24.0 

6.57 

68.00 

16.0 

38.5 

3.5 

24.0 

6.62 

70.00 

30.0 

34.0 

4.5 

24.0 

7.03 

59.00 

49.0 

31.2 

4.0 

24.0 

7.35 

54.40 

96.0 

28.0 

4.0 

24.0 

7.80 

48.00 

183.0 

25.2 

3.0 

24.0 

8.24 

44.40 

319.0 

23.0 

4.0 

24.0 

8.62 

38.00 

1414.0 

18.5 

4.0 

24.0 

9.65 

29.00 

EVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.04 

-1.00 

0.00 

100.00 

1  .000 

0.06 

-0.0 

0.  12 

99.88 

0.500 

0.05 

1  .00 

0.10 

99.78 

0.250 

0.06 

2.00 

0.  12 

99.66 

0.  125 

0.15 

3.00 

0.30 

99.36 

0.063 

0.14 

3.99 

0.28 

99.08 
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D7B 

HYDROMETER  RESULTS 


.  TIME  1 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

53.0 

3.5 

24.0 

4.32 

99.00 

1  .0 

52.0 

3.5 

24.0 

4.80 

97.00 

2.0 

51.0 

3.5 

24.0 

5.29 

95.00 

4.0 

48.5 

3.5 

24.0 

5.75 

90.00 

8.0 

43.0 

4.0 

24.0 

6.  18 

78.00 

15.0 

40.0 

4.5 

24.0 

6.60 

71  .00 

30.0 

36.5 

4.5 

24.0 

7.06 

64.00 

53.0 

29.5 

4.0 

24.0 

7.39 

51  .00 

96.0 

26.8 

4.0 

24.0 

7.79 

45.60 

183.0 

22.8 

3.0 

24.0 

8.22 

39.60 

318.0 

21.0 

4.0 

24.0 

8.60  • 

34.00 

1413.0 

17.2 

4.0 

24.0 

9.65 

26.40 

EVE  RESULTS 

DIAM.  MM. 

WT  . 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

1  .000 

0.02 

-0.0 

0.04 

99.96 

0.500 

0.04 

1  .00 

0.08 

99.88 

0.250 

0.10 

2.00 

0.20 

99.68 

0.  125 

0.15 

3.00 

0.30 

99.38 

0.063 

0.03 

3.99 

0.06 

99.32 
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D7C 


HYDROMETER 

RESULTS 

EL.  TIME 

HYDR. 

CORRN 

0.5 

51.5 

4.0 

1  .0 

50.5 

4.0 

2.0 

49.7 

4.0 

4.0 

47.0 

4.0 

o 

00 

42.0 

5.0 

15.0 

38.5 

5.0 

18.0 

35.5 

4.0 

51  .0 

30.2 

4.0 

98.0 

27.2 

4.0 

185.0 

25.0 

3.0 

329.0 

22.7 

4.0 

1415.0 

18.2 

4.0 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

2.000 

0.0 

1  .000 

0.10 

0.500 

0.  12 

0.250 

0.16 

0.  125 

0.17 

0.063 

0.  12 

DEG  C 

PHI 

PCT .  FNR 

24.0 

4.30 

95.00 

24.0 

4.79 

93.00 

24.0 

5.27 

91.40 

24.0 

5.73 

86.00 

24.0 

6.17 

74.00 

24.0 

6.58 

67.00 

24.0 

6.67 

63.00 

24.0 

7.37 

52.40 

24.0 

7.81 

46.40 

24.0 

8.25 

44.00 

24.0 

8.64 

37.40 

24.0 

9.65 

28.40 

PHI  PER 

CENT 

PCT.  FNR. 

-1.00 

0.0 

100.00 

-0.0 

0.20 

99.80 

1  .00 

0.24 

99.56 

2.00 

0.32 

99.24 

3.00 

0.34 

98.90 

3.99 

0.24 

98.66 
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D7D 

HYDROMETER  RESULTS 


EL.  TIME  ! 

HYDR. 

CORRN 

0.5 

49.0 

4.0 

1  .0 

48.0 

4.0 

2.0 

46.5 

4.0 

4.0 

43.0 

4.0 

8.0 

38.5 

4.0 

15.0 

34.5 

4.5 

16.0 

34.8 

4.0 

38.0 

30.0 

5.0 

50.0 

28.0 

4.0 

97.0 

25.0 

4.0 

183.0 

22.  1 

3.0 

319.0 

20.2 

■4.0 

1414.0 

16.2 

4.0 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

4.000 

0.0 

2.000 

0.49 

1  .000 

0.26 

0.500 

0.35 

0.250 

0.44 

0.125 

0.46 

0.063 

0.27 

DEG  C 

PHI 

PCT .  FNR 

24.0 

4.26 

90.00 

24.0 

4.75 

88.00 

24.0 

5.22 

85.00 

24.0 

5.68 

78.00 

24.0 

6.  12 

69.00 

24.0 

6.53 

60.00 

24.0 

6.58 

61.60 

24.0 

7.15 

50.00 

24.0 

7.33 

48.00 

24.0 

7.78 

42.00 

24.0 

8.22 

38.20 

24.0 

8.60 

32.40 

24.0 

9.64 

24.40 

PHI  PER 

CENT 

PCT.  FNR. 

o 

o 

CNJ 

1 

0.0 

100.00 

-1.00 

0.98 

99.02 

-0.0 

0.52 

98.50 

1  .00 

0.70 

97.80 

2.00 

0.88 

96.92 

3.00 

0.92 

96.00 

3.99 

0.54 

95.46 

• 
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D9A 

HYDROMETER  RESULTS 


EL.  TIME  f 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

47.0 

4.0 

24.0 

4.23 

86.00 

1  .0 

45.5 

4.0 

24.0 

4.71 

83.00 

2.0 

42.0 

4.0 

24.0 

5.17 

76.00 

4.0 

36.5 

4.0 

24.0 

5.60 

65.00 

8.0 

30.5 

4.0 

24.0 

6.04 

53.00 

15.0 

26.5 

4.5 

24.0 

6.45 

44.00 

28.0 

23.5 

4.5 

24.0 

6.87 

38.00 

53.0 

22.5 

4.0 

24.0 

7.32 

37.00 

96.0 

20.8 

4.0 

24.0 

7.73 

33.60 

182.0 

18.2 

3.0 

24.0 

8. 18 

30.40 

316.0 

17.5 

4.0 

24.0 

8.57 

27.00 

1412.0 

15.0 

4.0 

24.0 

9.62 

22.00 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

4.000 

0.0 

-2.00 

0.0 

100.00 

2.000 

0.22 

-1.00 

0.44 

99.56 

1  .000 

0.43 

-0.0 

0.86 

98.70 

0.500 

0.  12 

1  .00 

0.24 

98.46 

0.250 

0.40 

2.00 

0.80 

97.66 

0.  125 

0.64 

3.00 

1  .28 

96.38 

0.063 

0.54 

3.99 

1  .08 

95.30 

. 
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D9B 

HYDROMETER  RESULTS 


EL.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

LO 

o 

50.0 

5.0 

24.0 

4.28 

90.00 

1  .0 

48.0 

5.0 

24.0 

4.75 

86.00 

o 

CNJ 

46.0 

5.0 

24.0 

5.22 

82.00 

4.0 

41  .5 

5.0 

24.0 

5.66 

73.00 

to 

o 

34.0 

5.0 

24.0 

6.  16 

58.00 

15.0 

29.5 

5.0 

24.0 

6.48 

49.00 

50.0 

24.0 

5.0 

24.0 

7.29 

38.00 

160.0 

20.0 

5.0 

24.0 

8.10 

30.00 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

1  .000 

0.02 

-0.0 

0.04 

99.96 

0.500 

0.06 

1  .00 

0.12 

99.84 

0.700 

0.06 

0.51 

0.12 

99.72 

0.354 

0.06 

1.50 

0.  12 

99.60 

0.250 

0.07 

2.00 

0.14 

99.46 

0.177 

0.08 

2.50 

0.16 

99.30 

0.  125 

0.10 

3.00 

0.20 

99.10 

0.088 

0.09 

3.51 

0.  18 

98.92 

0.063 

0.02 

3.99 

0.04 

98.88 
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D9C 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

51.5 

6.0 

24.0 

4.30 

91.00 

1  .0 

50.0 

6.0 

24.0 

4.78 

88.00 

2.0 

47.0 

6.0 

24.0 

5.23 

82.00 

4.0 

41  .2 

6.0 

24.0 

5.66 

70.40 

8.0 

35.0 

6.0 

24.0 

6.08 

58.00 

13.0 

31  .0 

6.0 

24.0 

6.39 

50.00 

29.0 

27.0 

6.0 

24.0 

6.93 

42.00 

59.0 

23.8 

5.5 

24.0 

7.41 

36.60 

159.0 

20.0 

6.0 

24.0 

8.09 

28.00 

270.0 

18.8 

6.0 

24.0 

8.46 

25.60 

443.0 

17.2 

6.0 

24.0 

8.81 

22.40 

1413.0 

15.2 

6.0 

24.0 

9.63 

18.40 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.063 

0.88 

3.99 

1  .76 

98.24 

' 
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D9D 

HYDROMETER  RESULTS 


EL.  TIME  1 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

LO 

O 

52.0 

5.7 

24.0 

4.30 

92.60 

1.0 

50.5 

5.7 

24.0 

4.79 

89.60 

2.0 

48.2 

5.7 

24.0 

5.25 

85.00 

6.0 

40.2 

5.7 

24.0 

5.94 

69.00 

o 

00 

37.0 

5.7 

24.0 

6.11 

62.60 

15.0 

32.0 

5.7 

24.0 

6.50 

52.60 

50.0 

25.5 

5.7 

24.0 

7.31 

39.60 

101  .0 

21.5 

5.7 

24.0 

7.78 

31  .60 

242.0 

20.0 

5.7 

24.0 

8.39 

28.60 

371.0 

18.2 

5.7 

24.0 

8.69 

25.00 

1358.0 

16.0 

5.7 

24.0 

9.60 

20.60 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.063 

0.88 

3.99 

1  .76 

98.24 
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D9D 

HYDROMETER  RESULTS 


EL.  TIME  1 

rlYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

52.0 

5.5 

24.0 

4.30 

93.00 

1  .0 

50.5 

5.5 

24.0 

4.79 

90.00 

2.0 

49.0 

5.5 

24.0 

5.26 

87.00 

4.0 

44.8 

5.5 

24.0 

5.70 

78.60 

8.0 

39.5 

5.5 

24.0 

6.  14 

68.00 

15.0 

35.0 

6.0 

24.0 

6.54 

58.00 

32.0 

30.0 

6.0 

24.0 

7.03 

48.00 

54.0 

25.7 

5.5 

24.0 

7.36 

40.40 

153.0 

27.5 

5.5 

24.0 

8.13 

44.00 

267.0 

20.5 

6.0 

24.0 

8.47 

29.00 

439.0 

19.5 

6.0 

24.0 

8.82 

27.00 

1412.0 

17.0 

6.0 

24.0 

9.64 

22.00 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.250 

0.42 

2.00 

0.84 

99.16 

0.063 

0.27 

3.99 

0.54 

98.62 
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D9E 

HYDROMETER  RESULTS 


EL.  TIME  1 

HYDR. 

CORRN 

LO 

O 

50.5 

6.0 

1  .0 

49.0 

6.0 

o 

OJ 

45.0 

6.0 

4.0 

38.5 

6.0 

o 

00 

32.0 

6.0 

14.0 

26.8 

6.0 

27.0 

23.5 

6.0 

54.0 

20.  1 

6.0 

146.0 

16.5 

6.0 

260.0 

15.0 

6.0 

432.0 

14.0 

6.0 

1410.0 

12.5 

6.0 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

2.000 

0.0 

0.355 

0.33 

0.063 

0.39 

DEG  C 

PHI 

PCT .  FNR 

24.0 

4.29 

89.00 

24.0 

4.76 

86.00 

24.0 

5.21 

78.00 

24.0 

5.62 

65.00 

24.0 

6.05 

52.00 

24.0 

6.40 

41.60 

24.0 

6.84 

35.00 

24.0 

7.32 

28.20 

24.0 

8.00 

21  .00 

24.0 

8.40 

18.00 

24.0 

8.76 

16.00 

24.0 

9.60 

13.00 

PHI  PER 

CENT 

PCT.  FNR. 

-1.00 

0.0 

100.00 

1  .49 

0.66 

99.34 

3.99 

0.78 

98.56 
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D10A 


HYDROMETER 

RESULTS 

EL.  TIME 

HYDR. 

CORRN 

0.5 

36.0 

6.0 

1  .0 

22.0 

6.0 

2.0 

19.0 

6.0 

4.0 

15.0 

6.0 

8.0 

11.5 

6.0 

15.0 

10.2 

6.0 

30.0 

10.0 

6.0 

54.0 

9.5 

6.0 

138.0 

8.5 

5.5 

253.0 

8.0 

6.0 

425.0 

8.0 

6.0 

1407.0 

8.0 

6.0 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

2.000 

0.0 

1  .000 

0.01 

0.500 

0.02 

0.250 

0.09 

0.125 

1  .73 

0.063 

10.50 

DEG  C 

PHI 

PCT .  FNR 

24.0 

4.10 

60.00 

24.0 

4.45 

32.00 

24.0 

4.92 

26.00 

24.0 

5.39 

18.00 

24.0 

5.86 

11.00 

24.0 

6.30 

8.40 

24.0 

6.80 

8.00 

24.0 

7.22 

7.00 

24.0 

7.89 

6.00 

24.0 

8.32 

4.00 

24.0 

8.70 

4.00 

24.0 

9.56 

4.00 

PHI  PER 

CENT 

PCT.  FNR. 

-1.00 

0.0 

100.00 

-0.0 

0.02 

99.98 

1  .00 

0.04 

99.94 

2.00 

0.  18 

99.76 

3.00 

3.46 

96.30 

3.99 

21  .00 

75.30 
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D 1 1 A 

HYDROMETER  RESULTS 


EL.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT 

.  FNR 

0.5 

27.5 

3.0 

24.0 

4.01 

36 

.30 

1  .0 

25.0 

3.0 

24.0 

4.48 

32 

.59 

o 

CM 

20.0 

3.0 

24.0 

4.94 

25 

.  19 

4.0 

15.0 

3.0 

24.0 

5.39 

17 

.78 

o 

CO 

12.0 

3.0 

24.0 

5.87 

13 

.33 

15.0 

9.5 

3.0 

24.0 

6.30 

9 

.63 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT. 

FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

1  .000 

0.10 

-0.0 

0.20 

99.80 

0.700 

0.08 

0.51 

0.  16 

99.64 

0.500 

0.02 

1  .00 

0.04 

99.60 

0.354 

0.06 

1  .50 

0.  12 

99.48 

0.250 

0.13 

2.00 

0.26 

99.22 

0.  177 

0.33 

2.50 

0.66 

98.56 

0.  125 

1  .59 

3.00 

3.  18 

95.38 

0.088 

4.56 

3.51 

9.  12 

86.26 

0.063 

6.54 

3.99 

13.08 

73.  18 

. 
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D12A 

HYDROMETER  RESULTS 


EL.  TIME  1 

HYDR. 

CORRN 

0.5 

17.0 

6.0 

1  .0 

12.0 

6.0 

ro 

o 

9.5 

6.0 

4.0 

8.0 

6.0 

o 

00 

7.2 

6.0 

17.0 

7.0 

6.0 

55.0 

7.0 

6.0 

133.0 

7.0 

6.0 

246.0 

7.0 

6.0 

418.0 

7.0 

6.0 

1404.0 

6.8 

6.0 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

2.000 

0.0 

1  .000 

0.01 

0.500 

0.06 

0.250 

2.43 

0.  125 

13.70 

0.063 

17.80 

T  DEG  C 

PHI 

PCT .  FNR 

24.0 

3.91 

22.00 

24.0 

4.37 

12.00 

24.0 

4.84 

7.00 

24.0 

5.33 

4.00 

24.0 

5.83 

2.40 

24.0 

6.37 

2.00 

24.0 

7.21 

2.00 

24.0 

7.85 

2.00 

24.0 

8.29 

2.00 

24.0 

8.68 

2.00 

24.0 

9.55 

1  .60 

PHI  PER 

CENT 

PCT.  FNR. 

-1.00 

0.0 

100.00 

-0.0 

0.02 

99.98 

1  .00 

0.  12 

99.86 

2.00 

4.86 

95.00 

3.00 

27.40 

67.60 

3.99 

35.60 

32.00 

■ 
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D12B 

HYDROMETER  RESULTS 


.  TIME  t 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

47.0 

4.0 

24.0 

4.23 

86.00 

1  .0 

44.0 

4.0 

24.0 

4.69 

80.00 

2.0 

37.5 

4.0 

24.0 

5.11 

67.00 

4.0 

30.0 

4.0 

24.0 

5.53 

52.00 

8.0 

22.5 

4.5 

24.0 

5.96 

36.00 

14.0 

20.0 

4.5 

24.0 

6.34 

31  .00 

15.0 

19.5 

4.5 

24.0 

6.38 

30.00 

24.0 

15.5 

4.5 

24.0 

6.69 

22.00 

47.0 

14.3 

4.0 

24.0 

7.  16 

20.60 

94.0 

13.0 

4.0 

24.0 

7.65 

18.00 

181  .0 

12.2 

3.0 

24.0 

8. 12 

18.40 

1410.0 

10.0 

4.0 

24.0 

9.58 

12.00 

EVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

1  .000 

0.10 

-0.0 

0.20 

99.80 

0.700 

0.04 

0.51 

0.08 

99.72 

0.500 

0.03 

1  .00 

0.06 

99.66 

0.354 

0.05 

1  .50 

0.  10 

99.56 

0.250 

0.24 

2.00 

0.48 

99.08 

0.177 

0.  14 

2.50 

0.28 

98.80 

0.  125 

0.  12 

3.00 

0.24 

98.56 

0.088 

0.17 

3.51 

0.34 

98.22 

0.063 

0.27 

3.99 

0.54 

97.68 
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D12C 

HYDROMETER  RESULTS 


.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT 

.  FNR 

0.5 

48.2 

5.0 

24.0 

4.25 

86 

.40 

1  .0 

45.5 

5.0 

24.0 

4.71 

81 

.00 

2.0 

40.0 

5.0 

24.0 

5.  15 

70 

.00 

4.0 

33.0 

5.0 

24.0 

5.56 

56 

.00 

8.0 

27.5 

5.0 

24.0 

6.01 

45 

.00 

14.0 

23.2 

4.0 

24.0 

6.37 

38 

.40 

15.0 

22.0 

5.0 

24.0 

6.41 

34 

.00 

30.0 

20.0 

5.0 

24.0 

6.89 

30 

.00 

51.0 

17.2 

4.0 

24.0 

7.25 

26 

.40 

94.0 

15.  1 

4.0 

24.0 

7.67 

22 

.20 

181 .0 

14.3 

3.0 

24.0 

8.  14 

22 

.60 

324.0 

13.5 

4.0 

24.0 

8.55 

19 

.00 

1410.0 

12.5 

4.0 

23.0 

9.58 

17 

.00 

EVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT. 

FNR. 

4.000 

0.0 

-2.00 

0.0 

100.00 

2.000 

1  .01 

-1.00 

2.02 

97.98 

1  .000 

0.40 

-0.0 

0.80 

97.  18 

0.700 

0.11 

0.51 

0.22 

96.96 

0.500 

0.  13 

1  .00 

0.26 

96.70 

0.354 

0.20 

1  .50 

0.40 

96.30 

0.250 

0.21 

2.00 

0.42 

95.88 

0.  125 

0.  18 

3.00 

0.36 

95.52 

0.177 

0.21 

2.50 

0.42 

95.  10 
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0.088 

0.063 


0.28  3.51  0.56  94.54 

0.31  3.99  0.62  93.92 
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D  1 2D 

HYDROMETER  RESULTS 


EL.  TIME  1 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

52.0 

5.5 

24.0 

4.30 

93.00 

2.0 

44.0 

5.5 

24.0 

5.19 

77.00 

4.0 

36.5 

5.5 

24.0 

5.60 

62.00 

8.0 

29.5 

5.5 

24.0 

6.03 

48.00 

14.0 

24.0 

5.5 

24.0 

6.37 

37.00 

30.0 

20.  1 

5.5 

24.0 

6.89 

29.20 

65.0 

17.5 

5.5 

24.0 

7.42 

24.00 

120.0 

15.5 

5.5 

24.0 

7.85 

20.00 

234.0 

14.5 

6.0 

24.0 

8.32 

17.00 

406.0 

13.2 

6.0 

24.0 

8.71 

14.40 

1396.0 

12.0 

6.0 

24.0 

9.59 

12.00 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.355 

0.02 

1  .49 

0.04 

99.96 

0.063 

0.  16 

3.99 

0.32 

99.64 

' 
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D12E 

HYDROMETER  RESULTS 


.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

50.0 

5.0 

24.0 

4.28 

90.00 

1  .0 

47.0 

5.0 

24.0 

4.73 

84.00 

2.0 

41  .5 

5.0 

24.0 

5.  16 

73.00 

4.0 

34.0 

5.0 

24.0 

5.58 

58.00 

8.0 

26.0 

5.0 

24.0 

5.99 

42.00 

12.0 

23.0 

4.0 

24.0 

6.26 

38.00 

15.0 

21  .0 

5.0 

24.0 

6.39 

32.00 

23.0 

20.0 

4.0 

24.0 

6.70 

32.00 

65.0 

15.0 

5.0 

24.0 

7.40 

20.00 

67.0 

15.5 

4.0 

24.0 

7.43 

23.00 

116.0 

15.0 

4.0 

24.0 

7.82 

22.00 

241  .0 

14.0 

4.0 

24.0 

8.34 

20.00 

385.0 

13.5 

4.0 

24.0 

8.67 

19.00 

1422.0 

12.0 

4.0 

23.0 

9.59 

16.00 

EVE  RESULTS 

DIAM.  MM. 

WT. 

QMS. 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

1  .000 

0.0 

-0.0 

0.0 

100.00 

0.500 

0.0 

1  .00 

0.0 

100.00 

0.250 

0.05 

2.00 

0.10 

99.90 

0.  125 

0.08 

3.00 

0.16 

99.74 

0.063 

0.13 

3.99 

0.26 

99.48 
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D12F 

HYDROMETER  RESULTS 


EL.  TIME  HYDR. 

CORRN 

0.5 

51  .0 

4.0 

1  .0 

48.0 

4.0 

2.0 

43.0 

4.0 

4.0 

36.0 

4.0 

8.0 

28.0 

4.0 

11.0 

23.0 

4.0 

15.0 

22.0 

4.0 

22.0 

19.0 

4.0 

30.0 

19.0 

4.0 

66.0 

15.0 

4.0 

115.0 

13.5 

4.0 

240.0 

12.5 

4.0 

383.0 

11.5 

4.0 

1421 .0 

11.0 

4.0 

SIEVE  RESULTS 

DIAM.  MM. 

WT  . 

GMS . 

2.000 

0.02 

1  .000 

0.02 

0.500 

0.01 

0.250 

0.02 

0.  125 

0.05 

0.063 

0.07 

DEG  C 

PHI 

PCT .  FNR 

24.0 

4.29 

94.00 

24.0 

4.75 

88.00 

24.0 

5.18 

78.00 

24.0 

5.60 

64.00 

24.0 

6.01 

48.00 

24.0 

6.19 

38.00 

24.0 

6.41 

36.00 

24.0 

6.65 

30.00 

24.0 

6.88 

30.00 

24.0 

7.41 

22.00 

24.0 

7.80 

19.00 

24.0 

8.32 

17.00 

24.0 

8.65 

15.00 

23.0 

9.58 

14.00 

PHI  PER 

CENT 

PCT.  FNR. 

-1.00 

0.00 

100.00 

-0.0 

0.04 

99.96 

1  .00 

0.02 

99.94 

2.00 

0.04 

99.90 

3.00 

0.  10 

99.80 

3.99 

0.  14 

99.66 
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D12G 

HYDROMETER  RESULTS 


.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

51  .5 

4.0 

24.0 

4.30 

95.00 

1.0 

50.0 

4.0 

24.0 

4.78 

92.00 

2.0 

46.5 

4.0 

24.0 

5.22 

85.00 

4.0 

40.0 

4.0 

24.0 

5.65 

72.00 

8.0 

33.0 

4.0 

24.0 

6.06 

58.00 

13.0 

27.5 

4.0 

24.0 

6.36 

47.00 

14.0 

27.0 

4.0 

24.0 

6.40 

46.00 

24.0 

22.5 

4.0 

24.0 

6.75 

37.00 

30.0 

22.0 

4.0 

24.0 

6.91 

36.00 

68.0 

17.0 

4.0 

24.0 

7.45 

26.00 

117.0 

15.2 

4.0 

24.0 

7.83 

22.40 

242.0 

13.5 

4.0 

24.0 

8.34 

19.00 

386.0 

13.0 

4.0 

24.0 

8.67 

18.00 

1424.0 

12.0 

4.0 

23.0 

9.59 

16.00 

EVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.05 

-1.00 

0.00 

100.00 

1  .000 

0.05 

-0.0 

0.10 

99.90 

0.500 

0.06 

1.00 

0.  12 

99.78 

0.250 

0.07 

2.00 

0.  14 

99.64 

0.125 

0.05 

3.00 

0.10 

99.54 

0.063 

0.07 

3.99 

0.  14 

99.40 
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D13A 

HYDROMETER  RESULTS 


EL.  TIME  1 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

LD 

O 

50.0 

6.0 

24.0 

4.28 

88.00 

1.0 

49.0 

6.0 

24.0 

4.76 

86.00 

2.0 

47.0 

6.0 

24.0 

5.23 

82.00 

4.0 

42.2 

6.0 

24.0 

5.68 

72.40 

o 

CO 

36.5 

6.0 

24.0 

6.10 

61  .00 

15.0 

32.0 

6.0 

24.0 

6.50 

52.00 

35.0 

26.0 

6.0 

24.0 

7.06 

40.00 

59.0 

23.2 

5.5 

24.0 

7.41 

35.40 

1  14.0 

20.5 

6.0 

24.0 

7.85 

29.00 

228.0 

18.5 

6.0 

24.0 

8.34 

25.00 

400.0 

17.0 

6.0 

24.0 

8.73 

22.00 

1393.0 

14.5 

6.0 

24.0 

9.61 

17.00 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.063 

0.36 

3.99 

0.72 

99.28 
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D13A 

HYDROMETER  RESULTS 


EL.  TIME  1 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

o 

cn 

52.0 

5.5 

24.0 

4.30 

93.00 

1  .0 

51  .0 

5.5 

24.0 

4.79 

91  .00 

ro 

o 

38.0 

5.5 

24.0 

5.12 

65.00 

4.0 

37.5 

5.5 

24.0 

5.61 

64.00 

o 

00 

35.2 

5.5 

24.0 

6.09 

59.40 

15.0 

30.8 

5.5 

24.0 

6.49 

50.60 

49.0 

24.3 

5.5 

24.0 

7.28 

37.60 

103.0 

21.0 

5.5 

24.0 

7.78 

31  .00 

217.0 

19.0 

6.0 

24.0 

8.31 

26.00 

389.0 

17.5 

6.0 

24.0 

8.72 

23.00 

1386.0 

15.0 

6.0 

24.0 

9.61 

18.00 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.250 

0.23 

2.00 

0.46 

99.54 

0.063 

0.20 

3.99 

0.40 

99.  14 
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D14A 

HYDROMETER  RESULTS 


EL.  TIME  1 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

LT) 

O 

52.0 

5.5 

24.0 

4.30 

93.00 

1  .0 

51  .0 

5.5 

24.0 

4.79 

91  .00 

2.0 

38.0 

5.5 

24.0 

5.  12 

65.00 

4.0 

37.5 

5.5 

24.0 

5.61 

64.00 

o 

CO 

35.2 

5.5 

24.0 

6.09 

59.40 

15.0 

30.8 

5.5 

24.0 

6.49 

50.60 

49.0 

24.3 

5.5 

24.0 

7.28 

37.60 

103.0 

21.0 

5.5 

24.0 

7.78 

31  .00 

217.0 

19.0 

6.0 

24.0 

8.31 

26.00 

389.0 

17.5 

6.0 

24.0 

8.72 

23.00 

1386.0 

15.0 

6.0 

24.0 

9.61 

18.00 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.250 

0.23 

2.00 

0.46 

99.54 

0.063 

0.20 

3.99 

0.40 

99.14 

' 
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D15A 

HYDROMETER  RESULTS 


EL.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

LD 

O 

52.0 

6.0 

24.0 

4.30 

92.00 

1  .0 

51  .0 

6.0 

24.0 

4.79 

90.00 

O 

CM 

49.5 

6.0 

24.0 

5.27 

87.00 

4.0 

45.2 

6.0 

24.0 

5.71 

78.40 

o 

CO 

40.0 

6.0 

24.0 

6.15 

68.00 

15.0 

35.0 

6.0 

24.0 

6.54 

58.00 

43.0 

28.5 

5.5 

24.0 

7.23 

46.00 

96.0 

24.2 

6.0 

24.0 

7.77 

36.40 

210.0 

22.0 

6.0 

24.0 

8.31 

32.00 

382.0 

20.2 

6.0 

24.0 

8.73 

28.40 

1380.0 

17.3 

6.0 

24.0 

9.63 

22.60 

SIEVE  RESULTS 

DIAM.  MM. 

WT  . 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.300 

0.05 

1  .74 

0.10 

99.90 

0.063 

0.21 

3.99 

0.42 

99.48 
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D15A 

HYDROMETER  RESULTS 


.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

52.0 

4.0 

24.0 

4.30 

96.00 

1  .0 

50.5 

4.0 

24.0 

4.79 

93.00 

2.0 

48.5 

4.0 

24.0 

5.25 

89.00 

4.0 

44.5 

4.0 

24.0 

5.70 

81  .00 

8.0 

38.5 

4.0 

24.0 

6.12 

69.00 

13.0 

35.2 

4.0 

24.0 

6.44 

62.40 

14.0 

35.0 

4.0 

24.0 

6.49 

62.00 

24.0 

31.5 

4.0 

24.0 

6.84 

55.00 

29.0 

30.0 

4.5 

24.0 

6.96 

51  .00 

68.0 

25.0 

4.0 

24.0 

7.52 

42.00 

117.0 

23.0 

4.0 

24.0 

7.90 

38.00 

241  .0 

21  .0 

4.0 

24.0 

8.40 

34.00 

385.0 

19.5 

4.0 

24.0 

8.72 

31  .00 

1423.0 

17.0 

4.0 

23.0 

9.63 

26.00 

EVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

1  .000 

0.0 

-0.0 

0.0 

100.00 

0.500 

0.01 

1  .00 

0.02 

99.98 

0.250 

0.02 

2.00 

0.04 

99.94 

0.125 

0.03 

3.00 

0.06 

99.88 

0.063 

0.05 

3.99 

0.10 

99.78 

174 


D16A 

HYDROMETER  RESULTS 


.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

47.0 

4.5 

24.0 

4.23 

85.00 

1  .0 

43.5 

4.5 

24.0 

4.69 

78.00 

2.0 

39.5 

4.5 

24.0 

5.  14 

70.00 

4.0 

34.0 

4.5 

24.0 

5.58 

59.00 

8.0 

26.0 

4.5 

24.0 

5.99 

43.00 

12.0 

22.5 

4.0 

24.0 

6.25 

37.00 

15.0 

20.0 

4.5 

24.0 

6.39 

31  .00 

24.0 

19.0 

4.0 

24.0 

6.72 

30.00 

67.0 

15.0 

4.0 

24.0 

7.43 

22.00 

117.0 

14.0 

4.0 

24.0 

7.82 

20.00 

241  .0 

13.0 

4.0 

24.0 

8.33 

18.00 

385.0 

12.0 

4.0 

24.0 

8.66 

16.00 

1423.0 

11.5 

4.0 

23.0 

9.58 

15.00 

EVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

1  .000 

0.01 

-0.0 

0.02 

99.98 

0.500 

0.02 

1  .00 

0.04 

99.94 

0.250 

0.10 

2.00 

0.20 

99.74 

0.125 

0.42 

3.00 

0.84 

98.90 

0.063 

2.20 

3.99 

4.40 

94.50 

. 
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D16B 

HYDROMETER  RESULTS 


.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

50.0 

5.5 

24.0 

4.28 

89.00 

1.5 

46.0 

5.5 

24.0 

5.01 

81  .00 

2.0 

44.0 

5.5 

24.0 

5.  19 

77.00 

4.0 

38.5 

5.5 

24.0 

5.62 

66.00 

8.0 

32.0 

5.5 

24.0 

6.05 

53.00 

15.0 

26.5 

5.5 

24.0 

6.45 

42.00 

16.0 

30.0 

4.0 

24.0 

6.53 

52.00 

28.0 

26.0 

4.0 

24.0 

6.90 

44.00 

30.0 

22.0 

5.5 

24.0 

6.91 

33.00 

72.0 

22.0 

4.0 

24.0 

7.54 

36.00 

121  .0 

20.0 

4.0 

24.0 

7.89 

32.00 

391  .0 

17.0 

4.0 

24.0 

8.71 

26.00 

1429.0 

15.5 

4.0 

23.0 

9.62 

23.00 

EVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

1  .000 

0.05 

-0.0 

0.10 

99.90 

0.700 

0.05 

0.51 

0.10 

99.80 

0.500 

0.03 

1  .00 

0.06 

99.74 

0.354 

0.04 

1  .50 

0.08 

99.66 

0.250 

0.02 

2.00 

0.04 

99.62 

0.177 

0.01 

2.50 

0.02 

99.60 

0.  125 

0.06 

3.00 

0.12 

99.48 

0.088 

0.04 

3.51 

0.08 

99.40 

176 


0.063 


0.07 


3.99  0.14  99.26 
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D16C 

HYDROMETER  RESULTS 


.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

52.0 

4.0 

24.0 

4.30 

96.00 

1  .0 

50.0 

4.0 

24.0 

4.78 

92.00 

2.0 

47.0 

4.0 

24.0 

5.23 

86.00 

4.0 

41  .5 

4.0 

24.0 

5.66 

75.00 

8.0 

35.5 

4.5 

24.0 

6.09 

62.00 

15.0 

33.2 

4.0 

24.0 

6.52 

58.40 

15.0 

31  .0 

4.5 

24.0 

6.50 

53.00 

27.0 

29.0 

4.0 

24.0 

6.90 

50.00 

30.0 

26.0 

4.5 

24.0 

6.95 

43.00 

71.0 

23.0 

4.0 

24.0 

7.54 

38.00 

120.0 

21.0 

4.0 

24.0 

7.89 

34.00 

245.0 

19.0 

4.0 

24.0 

8.39 

30.00 

389.0 

17.5 

4.0 

24.0 

8.72 

27.00 

1428.0 

16.0 

4.0 

24.0 

9.64 

24.00 

EVE  RESULTS 

DIAM.  MM. 

WT  . 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.04 

-1.00 

0.00 

100.00 

1  .000 

0.02 

-0.0 

0.04 

99.96 

0.500 

0.03 

1  .00 

0.06 

99.90 

0.250 

0.05 

2.00 

0.10 

99.80 

0.  125 

0.12 

3.00 

0.24 

99.56 

0.063 

0.15 

3.99 

0.30 

99.26 
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D  1  7  A 

HYDROMETER  RESULTS 


.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

51  .0 

4.0 

24.0 

4.29 

94.00 

1  .0 

49.5 

4.0 

24.0 

4.77 

91  .00 

2.0 

45.5 

4.0 

24.0 

5.21 

83.00 

4.0 

39.5 

4.5 

24.0 

5.64 

70.00 

8.0 

32.5 

4.5 

24.0 

6.06 

56.00 

12.0 

26.8 

4.0 

24.0 

6.29 

45.60 

15.0 

26.0 

4.0 

24.0 

6.45 

44.00 

23.0 

22.8 

4.0 

24.0 

6.72 

37.60 

30.0 

23.0 

3.5 

24.0 

6.92 

39.00 

66.0 

18.0 

4.0 

24.0 

7.44 

28.00 

115.0 

16.5 

4.0 

24.0 

7.83 

25.00 

240.0 

15.0 

4.0 

24.0 

8.35 

22.00 

384.0 

14.0 

4.0 

24.0 

8.67 

20.00 

1428.0 

13.0 

4.0 

23.0 

9.59 

18.00 

EVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.04 

-1.00 

0.00 

100.00 

1  .000 

0.04 

-0.0 

0.08 

99.92 

0.500 

0.01 

1  .00 

0.02 

99.90 

0.250 

0.01 

2.00 

0.02 

99.88 

0.  125 

0.02 

3.00 

0.04 

99.84 

0.063 

0.02 

3.99 

0.04 

99.80 
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D18A 

HYDROMETER  RESULTS 


.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

51  .5 

3.5 

24.0 

4.30 

96.00 

1  .0 

50.5 

3.5 

24.0 

4.79 

94.00 

2.0 

47.5 

3.5 

24.0 

5.24 

88.00 

4.0 

43.0 

3.5 

24.0 

5.68 

79.00 

8.0 

36.0 

3.5 

24.0 

6.10 

65.00 

14.0 

31  .5 

4.0 

24.0 

6.45 

55.00 

15.0 

29.5 

3.5 

24.0 

6.48 

52.00 

26.0 

25.5 

4.0 

24.0 

6.84 

43.00 

30.0 

24.0 

4.0 

24.0 

6.92 

40.00 

69.0 

19.0 

4.0 

24.0 

7.48 

30.00 

118.0 

17.0 

4.0 

24.0 

7.85 

26.00 

243.0 

14.0 

4.0 

24.0 

8.34 

20.00 

387.0 

13.0 

4.0 

24.0 

8.67 

18.00 

1426.0 

12.5 

4.0 

24.0 

9.61 

17.00 

EVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

1  .000 

0.05 

-0.0 

0.10 

99.90 

0.500 

0.07 

1.00 

0.14 

99.76 

0.250 

0.06 

2.00 

0.  12 

99.64 

0.  125 

0.03 

3.00 

0.06 

99.58 

0.063 

0.05 

3.99 

0.10 

99.48 
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D18A 

HYDROMETER  RESULTS 


.  TIME  1 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

53.0 

5.5 

24.0 

4.32 

95.00 

1  .0 

51  .5 

5.5 

24.0 

4.80 

92.00 

2.0 

48.5 

5.5 

24.0 

5.25 

86.00 

4.0 

43.5 

5.5 

24.0 

5.69 

76.00 

8.0 

32.5 

5.5 

24.0 

6.06 

54.00 

15.0 

31  .5 

5.5 

24.0 

6.50 

52.00 

34.0 

25.5 

5.5 

24.0 

7.03 

40.00 

87.0 

19.8 

5.5 

24.0 

7.65 

28.60 

201  .0 

16.7 

6.0 

24.0 

8.23 

21.40 

373.0 

15.0 

6.0 

24.0 

8.66 

18.00 

1373.0 

12.7 

6.0 

24.0 

9.58 

13.40 

EVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.063 

0.23 

3.99 

0.46 

99.54 
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D19A 

HYDROMETER  RESULTS 


EL.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

52.5 

6.0 

24.0 

4.31 

93.00 

1.0 

51.5 

6.0 

24.0 

4.80 

91  .00 

2.0 

51  .0 

6.0 

24.0 

5.29 

90.00 

4.0 

50.1 

6.0 

24.0 

5.79 

88.20 

8.0 

47.8 

6.0 

24.0 

6.24 

83.60 

12.0 

46.0 

6.0 

24.0 

6.51 

80.00 

27.0 

44.0 

5.5 

24.0 

7.07 

77.00 

79.0 

36.5 

6.0 

24.0 

7.76 

61  .00 

193.0 

32.5 

6.0 

24.0 

8.35 

53.00 

365.0 

29.0 

6.0 

24.0 

8.78 

46.00 

1367.0 

23.7 

6.0 

24.0 

9.67 

35.40 

SIEVE  RESULTS 

DIAM.  MM. 

W  l  . 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.300 

0.34 

1  .74 

0.68 

99.32 

0.063 

0.95 

3.99 

1  .90 

97.42 

182 


D20A 

HYDROMETER  RESULTS 


.  TIME  HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

50.0 

5.5 

24.0 

4.28 

89.00 

1  .0 

46.5 

5.5 

24.0 

4.72 

82.00 

2.0 

40.5 

5.5 

24.0 

5.  15 

70.00 

4.0 

32.5 

5.5 

24.0 

5.56 

54.00 

8.0 

25.5 

5.5 

24.0 

5.99 

40.00 

18.0 

20.0 

5.5 

24.0 

6.52 

29.00 

72.0 

15.0 

5.5 

24.0 

7.48 

19.00 

173.0 

13.2 

6.0 

24.0 

8.09 

14.40 

358.0 

12.2 

6.0 

24.0 

8.61 

12.40 

1364.0 

10.2 

6.0 

24.0 

9.56 

8.40 

EVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.500 

0.02 

1  .00 

0.04 

99.96 

0.250 

0.06 

2.00 

0.  12 

99.84 

0.063 

0.43 

3.99 

0.86 

98.98 

. 
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D20B 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

46.0 

6.0 

24.0 

4.22 

80.00 

1  .0 

41  .0 

6.0 

24.0 

4.65 

70.00 

2.0 

33.5 

6.0 

24.0 

5.07 

55.00 

4.0 

26.0 

6.0 

24.0 

5.49 

40.00 

8.0 

19.8 

6.0 

24.0 

5.93 

27.60 

13.0 

16.0 

6.0 

24.0 

6.25 

20.00 

54.0 

12.8 

6.0 

24.0 

7.25 

13.60 

164.0 

10.5 

6.0 

24.0 

8.03 

9.00 

350.0 

10.5 

6.0 

24.0 

8.58 

9.00 

1359.0 

10.0 

6.0 

24.0 

9.55 

8.00 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.700 

0.03 

0.51 

0.06 

99.94 

0.300 

0.26 

1  .74 

0.52 

99.42 

0.063 

3.43 

3.99 

6.86 

92.56 
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D20C 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

0.5 

47.5 

4.5 

1  .0 

44.5 

4.5 

2.0 

36.5 

4.5 

4.0 

29.0 

4.5 

8.0 

22.0 

4.5 

15.0 

20.5 

4.5 

16.0 

20.5 

4.0 

29.0 

17.5 

4.0 

72.0 

15.0 

4.0 

122.0 

13.5 

4.0 

246.0 

12.5 

4.0 

381  .0 

12.0 

4.0 

1430.0 

11.5 

4.0 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

2.000 

0.0 

1  .000 

0.01 

0.500 

0.04 

0.250 

0.04 

0.  125 

0.11 

0.063 

0.25 

DEG  C 

PHI 

PCT .  FNR 

24.0 

4.24 

86.00 

24.0 

4.70 

80.00 

24.0 

5.10 

64.00 

24.0 

5.52 

49.00 

24.0 

5.95 

35.00 

24.0 

6.39 

32.00 

24.0 

6.44 

33.00 

24.0 

6.84 

27.00 

24.0 

7.48 

22.00 

24.0 

7.84 

19.00 

24.0 

8.34 

17.00 

24.0 

8.65 

16.00 

23.0 

9.59 

15.00 

PHI  PER 

CENT 

PCT.  FNR. 

-1.00 

0.0 

100.00 

-0.0 

0.02 

99.98 

1  .00 

0.08 

99.90 

2.00 

0.08 

99.82 

3.00 

0.22 

99.60 

3.99 

0.50 

99.  10 
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D20D 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

0.5 

48.7 

5.0 

1  .0 

45.5 

5.0 

2.0 

38.7 

5.0 

4.0 

31  .5 

5.0 

8.0 

23.0 

5.0 

14.0 

20.8 

4.0 

15.0 

19.0 

5.5 

27.0 

18.0 

4.0 

36.0 

16.5 

5.5 

72.0 

15.2 

4.0 

121  .0 

14.0 

4.0 

245.0 

13.0 

4.0 

390.0 

12.0 

4.0 

1428.0 

11.0 

4.0 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

4.000 

0.0 

2.000 

0.25 

1  .000 

0.18 

0.700 

0.07 

0.500 

0.03 

0.354 

0.02 

0.250 

0.04 

0.177 

0.05 

DEG  C 

PHI 

PCT .  FNR 

24.0 

4.25 

87.40 

24.0 

4.71 

81  .00 

24.0 

5.  12 

67.40 

24.0 

5.55 

53.00 

24.0 

5.96 

36.00 

24.0 

6.34 

33.60 

24.0 

6.38 

27.00 

24.0 

6.80 

28.00 

24.0 

6.99 

22.00 

24.0 

7.48 

22.40 

24.0 

7.84 

20.00 

24.0 

8.34 

18.00 

24.0 

8.67 

16.00 

23.0 

9.58 

14.00 

PHI  PER 

CENT 

PCT.  FNR. 

-2.00 

0.0 

100.00 

-1.00 

0.50 

99.50 

-0.0 

0.36 

99.  14 

0.51 

0.14 

99.00 

1  .00 

0.06 

98.94 

1  .50 

0.04 

98.90 

2.00 

0.08 

98.82 

2.50 

0.  10 

98.72 

186 


0.  125 

0.05 

3.00 

0.10 

98.62 

0.088 

0.06 

3.51 

0.  12 

98.50 

0.063 

0.05 

3.99 

0.10 

98.40 
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D20E 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

0.5 

49.0 

4.5 

1  .0 

47.0 

4.5 

2.0 

40.5 

4.5 

4.0 

33.0 

4.5 

8.0 

26.0 

4.5 

14.0 

21.5 

4.0 

26.0 

17.5 

4.0 

30.0 

17.0 

4.0 

68.0 

14.5 

4.0 

117.0 

13.5 

4.0 

243.0 

12.5 

4.0 

387.0 

12.0 

4.0 

1424.0 

11.5 

4.0 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

2.000 

0.0 

1  .000 

0.01 

0.500 

0.02 

0.250 

0.03 

0.  125 

0.08 

0.063 

0.  16 

DEG  C 

PHI 

PCT .  FNR 

24.0 

4.26 

89.00 

24.0 

4.73 

85.00 

24.0 

5.15 

72.00 

24.0 

5.56 

57.00 

24.0 

5.99 

43.00 

24.0 

6.35 

35.00 

24.0 

6.76 

27.00 

24.0 

6.86 

26.00 

24.0 

7.43 

21  .00 

24.0 

7.81 

19.00 

24.0 

8.33 

17.00 

24.0 

8.66 

16.00 

23.0 

9.58 

15.00 

PHI  PER 

CENT 

PCT.  FNR. 

-1.00 

0.0 

100.00 

-0.0 

0.02 

99.98 

1  .00 

0.04 

99.94 

2.00 

0.06 

99.88 

3.00 

0.16 

99.72 

3.99 

0.32 

99.40 

188 


D2  1  A 

HYDROMETER  RESULTS 


.  TIME  1 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

48.5 

4.5 

24.0 

4.25 

88.00 

1  .0 

44.0 

4.5 

24.0 

4.69 

79.00 

o 

CM 

37.0 

4.5 

24.0 

5.11 

65.00 

4.0 

29.0 

4.5 

24.0 

5.52 

49.00 

o 

00 

22.5 

4.5 

24.0 

5.96 

36.00 

13.0 

22.0 

4.0 

24.0 

6.30 

36.00 

14.0 

19.5 

4.5 

24.0 

6.33 

30.00 

25.0 

18.0 

4.0 

24.0 

6.74 

28.00 

68.0 

15.5 

4.0 

24.0 

7.44 

23.00 

117.0 

14.0 

4.0 

24.0 

7.82 

20.00 

242.0 

13.0 

4.0 

24.0 

8.33 

18.00 

386.0 

12.5 

4.0 

24.0 

8.67 

17.00 

1424.0 

12.0 

4.0 

23.0 

9.59 

16.00 

EVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.01 

-1.00 

0.00 

100.00 

1  .000 

0.04 

-0.0 

0.08 

99.92 

0.500 

0.04 

1  .00 

0.08 

99.84 

0.250 

0.07 

2.00 

0.  14 

99.70 

0.  125 

0.  10 

3.00 

0.20 

99.50 

0.063 

0.25 

3.99 

0.50 

99.00 
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D22A 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

0.5 

50.5 

4.0 

2.0 

44.0 

4.0 

4.0 

37.5 

4.0 

7.0 

32.0 

4.0 

14.0 

28.2 

4.0 

15.0 

25.0 

4.5 

25.0 

23.0 

4.0 

69.0 

18.0 

4.0 

117.0 

16.5 

4.0 

243.0 

15.5 

4.0 

387.0 

14.5 

4.0 

1425.0 

13.5 

4.0 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

2.000 

0.0 

1  .000 

0.02 

0.500 

0.10 

0.250 

0.17 

0.  125 

0.04 

0.063 

0.05 

T  DEG  C 

PHI 

PCT .  FNR 

24.0 

4.29 

93.00 

24.0 

5.  19 

80.00 

24.0 

5.61 

67.00 

24.0 

5.95 

56.00 

24.0 

6.42 

48.40 

24.0 

6.43 

41  .00 

24.0 

6.79 

38.00 

24.0 

7.47 

28.00 

24.0 

7.84 

25.00 

24.0 

8.36 

23.00 

24.0 

8.69 

21  .00 

23.0 

9.60 

19.00 

PHI  PER 

CENT 

PCT.  FNR. 

-1.00 

0.0 

100.00 

-0.0 

0.04 

99.96 

1  .00 

0.20 

99.76 

2.00 

0.34 

99.42 

3.00 

0.08 

99.34 

3.99 

0.10 

99.24 
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1 A 1 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

40.5 

5.7 

24.0 

4.  15 

69.60 

1  .0 

33.0 

5.7 

24.0 

4.56 

54.60 

2.0 

26.5 

5.7 

24.0 

5.00 

41  .60 

4.0 

22.0 

5.7 

24.0 

5.45 

32.60 

8.0 

18.0 

5.7 

24.0 

5.92 

24.60 

13.0 

16.0 

5.7 

24.0 

6.25 

20.60 

34.0 

13.8 

5.7 

24.0 

6.92 

16.20 

58.0 

13.2 

5.7 

24.0 

7.31 

15.00 

114.0 

12.5 

5.7 

24.0 

7.79 

13.60 

201  .0 

11.5 

5.7 

24.0 

8.19 

11.60 

331  .0 

10.5 

5.7 

24.0 

8.54 

9.60 

457.0 

10.2 

5.7 

24.0 

8.77 

9.00 

1412.0 

9.8 

5.7 

24.0 

9.58 

8.20 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.700 

0.07 

0.51 

0.  14 

99.86 

0.250 

0.37 

2.00 

0.74 

99.  12 

0.  125 

1.11 

3.00 

2.22 

96.90 

0.063 

5.93 

3.99 

11.86 

85.04 
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1  A2A 


HYDROMETER 

RESULTS 

EL.  TIME 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

49.0 

5.7 

24.0 

4.26 

86.60 

1  .0 

45.5 

5.7 

24.0 

4.71 

79.60 

2.0 

38.0 

5.7 

24.0 

5.12 

64.60 

4.0 

30.0 

5.7 

24.0 

5.53 

48.60 

8.0 

23.0 

5.7 

24.0 

5.96 

34.60 

15.0 

18.5 

5.7 

24.0 

6.37 

25.60 

29.0 

16.5 

5.7 

24.0 

6.83 

21  .60 

70.0 

13.5 

5.7 

24.0 

7.44 

15.60 

195.0 

12.0 

5.7 

24.0 

8.17 

12.60 

325.0 

11.0 

5.7 

24.0 

8.53 

10.60 

450.0 

11.0 

5.7 

24.0 

8.76 

10.60 

1410.0 

10.2 

5.7 

24.0 

9.58 

9.00 

SIEVE  RESULTS 

DIAM.  MM. 

WT  . 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.063 

1  .70 

3.99 

3.40 

96.60 
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1 A2B 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

48.0 

5.7 

24.0 

4.25 

84.60 

1  .0 

44.0 

5.7 

24.0 

4.69 

76.60 

2.0 

37.0 

5.7 

24.0 

5.11 

62.60 

4.0 

30.0 

5.7 

24.0 

5.53 

48.60 

8.0 

23.0 

5.7 

24.0 

5.96 

34.60 

15.0 

18.3 

5.7 

24.0 

6.37 

25.20 

36.0 

16.0 

5.7 

24.0 

6.98 

20.60 

64.0 

14.2 

5.7 

24.0 

7.39 

17.00 

189.0 

12.8 

5.7 

24.0 

8.  15 

14.20 

318.0 

11.8 

5.7 

24.0 

8.52 

12.20 

444.0 

11.5 

5.7 

24.0 

8.76 

11.60 

1405.0 

10.5 

5.7 

24.0 

9.58 

9.60 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.300 

0.  15 

1  .74 

0.30 

99.70 

0.063 

3.20 

3.99 

6.40 

93.30 

. 
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1  A3 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

48.0 

5.7 

24.0 

4.25 

84.60 

1  .0 

44.0 

5.7 

24.0 

4.69 

76.60 

2.0 

37.5 

5.7 

24.0 

5.11 

63.60 

4.0 

29.5 

5.7 

24.0 

5.53 

47.60 

8.0 

23.0 

5.7 

24.0 

5.96 

34.60 

15.0 

19.0 

5.7 

24.0 

6.38 

26.60 

30.0 

16.2 

5.7 

24.0 

6.86 

21.00 

87.0 

13.8 

5.7 

24.0 

7.60 

16.20 

182.0 

12.0 

5.7 

24.0 

8.  12 

12.60 

311.0 

11.5 

5.7 

24.0 

8.50 

11.60 

437.0 

11.2 

5.7 

24.0 

8.75 

11.00 

1400.0 

10.2 

5.7 

24.0 

9.58 

9.00 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.063 

3.25 

3.99 

6.50 

93.50 
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1A4 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

36.0 

5.7 

24.0 

4.10 

60.60 

1  .0 

33.5 

5.7 

24.0 

4.57 

55.60 

o 

CM 

29.3 

5.7 

24.0 

5.03 

47.20 

4.0 

24.5 

5.7 

24.0 

5.48 

37.60 

o 

CO 

20.0 

5.7 

24.0 

5.94 

28.60 

15.0 

16.2 

5.7 

24.0 

6.36 

21.00 

79.0 

11.8 

5.7 

24.0 

7.51 

12.20 

173.0 

10.9 

5.7 

24.0 

8.07 

10.40 

303.0 

10.0 

5.7 

24.0 

8.47 

8.60 

429.0 

9.9 

5.7 

24.0 

8.72 

8.40 

1396.0 

9.0 

5.7 

24.0 

9.57 

6.60 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.700 

0.13 

0.51 

0.26 

99.74 

0.300 

2.88 

1  .74 

5.76 

93.98 

0.106 

5.03 

3.24 

10.06 

83.92 

0.063 

2.50 

3.99 

5.00 

78.92 

195 


1A5 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

0.5 

50.5 

5.7 

1  .0 

49.5 

5.7 

2.0 

43.5 

5.7 

4.0 

36.5 

5.7 

8.0 

29.0 

5.7 

13.0 

23.5 

5.7 

32.0 

19.8 

5.7 

59.0 

17.0 

5.7 

152.0 

14.2 

5.7 

283.0 

13.5 

5.7 

409.0 

13.0 

5.7 

1383.0 

11.8 

5.7 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

2.000 

0.0 

0.063 

0.81 

T  DEG  C 

PHI 

PCT .  FNR 

24.0 

4.29 

89.60 

24.0 

4.77 

87.60 

24.0 

5.  19 

75.60 

24.0 

5.60 

61  .60 

24.0 

6.02 

46.60 

24.0 

6.32 

35.60 

24.0 

6.93 

28.20 

24.0 

7.35 

22.60 

24.0 

8.01 

17.00 

24.0 

8.45 

15.60 

24.0 

8.71 

14.60 

24.0 

9.58 

12.20 

PHI  PER 

CENT 

PCT.  FNR. 

-1.00 

0.0 

100.00 

3.99 

1  .62 

98.38 

i  ’ 
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1  B  1 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

LO 

O 

51.0 

5.7 

24.0 

4.29 

90.60 

1  .0 

49.0 

5.7 

24.0 

4.76 

86.60 

2.0 

42.0 

5.7 

24.0 

5.17 

72.60 

4.0 

37.0 

5.7 

24.0 

5.61 

62.60 

o 

CO 

31.5 

5.7 

24.0 

6.05 

51.60 

14.0 

26.0 

5.7 

24.0 

6.40 

40.60 

62.0 

21.5 

5.7 

24.0 

7.42 

31  .60 

166.0 

15.5 

5.7 

24.0 

8.08 

19.60 

295.0 

15.0 

5.7 

24.0 

8.49 

18.60 

422.0 

14.0 

5.7 

24.0 

8.74 

16.60 

1393.0 

12.5 

5.7 

24.0 

9.59 

13.60 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.063 

0.54 

3.99 

1  .08 

98.92 
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1B2 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

0.5 

17.5 

5.7 

1  .0 

15.5 

5.7 

2.0 

14.0 

5.7 

4.0 

12.0 

5.7 

8.0 

10.5 

5.7 

14.0 

10.0 

5.7 

38.0 

9.5 

5.7 

65.0 

8.8 

5.7 

159.0 

8.0 

5.7 

289.0 

7.8 

5.7 

415.0 

7.8 

5.7 

1389.0 

7.0 

5.7 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

4.000 

0.0 

2.000 

3.08 

1  .000 

1  .27 

0.500 

7.03 

0.250 

12.10 

0.  125 

7.73 

0.063 

4.07 

T  DEG  C 

PHI 

PCT .  FNR 

24.0 

3.91 

23.60 

24.0 

4.39 

19.60 

24.0 

4.88 

16.60 

24.0 

5.37 

12.60 

24.0 

5.85 

9.60 

24.0 

6.25 

8.60 

24.0 

6.97 

7.60 

24.0 

7.35 

6.20 

24.0 

7.99 

4.60 

24.0 

8.41 

4.20 

24.0 

8.68 

4.20 

24.0 

9.54 

2.60 

PHI  PER 

CENT 

PCT.  FNR. 

-2.00 

0.0 

100.00 

-1.00 

6.  16 

93.84 

-0.0 

2.54 

91  .30 

1  .00 

14.06 

77.24 

2.00 

24.20 

53.04 

3.00 

15.46 

37.58 

3.99 

8.14 

29.44 

■ 
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1B5 


HYDROMETER 

RESULTS 

EL.  TIME 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

LO 

O 

45.5 

5.7 

24.0 

4.21 

79.60 

1  .0 

41 .5 

5.7 

24.0 

4.66 

71.60 

o 

CM 

37.5 

5.7 

24.0 

5.11 

63.60 

4.0 

33.2 

5.7 

24.0 

5.57 

55.00 

o 

CO 

29.0 

5.7 

24.0 

6.02 

46.60 

15.0 

26.2 

5.7 

24.0 

6.45 

41  .00 

43.0 

21.5 

5.7 

24.0 

7.  16 

31  .60 

69.0 

20.0 

5.7 

24.0 

7.49 

28.60 

143.0 

18.0 

5.7 

24.0 

8.00 

24.60 

273.0 

16.5 

5.7 

24.0 

8.45 

21.60 

400.0 

16.0 

5.7 

24.0 

8.72 

20.60 

•  1378.0 

13.5 

5.7 

24.0 

9.59 

15.60 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.300 

0.51 

1  .74 

1  .02 

98.98 

0.063 

7.57 

3.99 

15.14 

83.84 

■ 
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1C2 

HYDROMETER 

RESULTS 

EL.  TIME 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

47.5 

5.7 

24.0 

4.24 

83.60 

1  .0 

45.5 

5.7 

24.0 

4.71 

79.60 

2.0 

42.8 

5.7 

24.0 

5.  18 

74.20 

4.0 

39.0 

5.7 

24.0 

5.63 

66.60 

8.0 

35.0 

5.7 

24.0 

6.08 

58.60 

16.0 

31.2 

5.7 

24.0 

6.55 

51  .00 

36.0 

26.  1 

5.7 

24.0 

7.08 

40.80 

71  .0 

22.  1 

5.7 

24.0 

7.53 

32.80 

136.0 

20.0 

5.7 

24.0 

7.98 

28.60 

383.0 

17.0 

5.7 

24.0 

8.70 

22.60 

1372.0 

14.8 

5.7 

24.0 

9.60 

18.20 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.0 

-1.00 

0.0 

100.00 

0.063 

4.32 

3.99 

8.64 

91  .36 

. 
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1E2 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

T  DEG  C 

PHI 

PCT .  FNR 

0.5 

53.5 

5.7 

24.0 

4.33 

95.60 

1.0 

53.0 

5.7 

24.0 

4.82 

94.60 

2.0 

52.5 

5.7 

24.0 

5.31 

93.60 

4.0 

52.0 

5.7 

24.0 

5.80 

92.60 

8.0 

50.5 

5.7 

24.0 

6.29 

89.60 

15.0 

49.2 

5.7 

24.0 

6.72 

87.00 

27.0 

47.0 

5.7 

24.0 

7.11 

82.60 

64.0 

42.0 

5.7 

24.0 

7.67 

72.60 

129.0 

38.2 

5.7 

24.0 

8.13 

65.00 

247.0 

34.8 

5.7 

24.0 

8.55 

58.20 

376.0 

32.2 

5.7 

24.0 

8.83 

53.00 

1367.0 

27.0 

5.7 

24.0 

9.71 

42.60 

SIEVE  RESULTS 

DIAM.  MM. 

WT. 

GMS . 

PHI  PER 

CENT 

PCT.  FNR. 

2.000 

0.02 

-1.00 

0.00 

100.00 

0.063 

0.89 

3.99 

1  .78 

98.22 
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1F2 

HYDROMETER  RESULTS 


EL.  TIME 

HYDR. 

CORRN 

0.5 

39.5 

5.7 

1  .0 

32.8 

5.7 

o 

C\J 

25.0 

5.7 

4.0 

19.2 

5.7 

o 

00 

14.8 

5.7 

16.0 

13.2 

5.7 

55.0 

10.8 

5.7 

108.0 

10.0 

5.7 

249.0 

10.0 

5.7 

378.0 

9.0 

5.7 

1363.0 

8.8 

5.7 

SIEVE  RESULTS 

s 

<i 

i — i 

o 

WT. 

GMS . 

2.000 

0.0 

0.250 

0.22 

0.106 

2.87 

0.063 

5.81 

T  DEG  C 

PHI 

PCT .  FNR 

24.0 

4.  14 

67.60 

24.0 

4.56 

54.20 

24.0 

4.98 

38.60 

24.0 

5.43 

27.00 

24.0 

5.89 

18.20 

24.0 

6.38 

15.00 

24.0 

7.24 

10.20 

24.0 

7.72 

8.60 

24.0 

8.33 

8.60 

24.0 

8.62 

6.60 

24.0 

9.54 

6.20 

PHI  PER 

CENT 

PCT.  FNR. 

-1.00 

0.0 

100.00 

2.00 

0.44 

99.56 

3.24 

5.74 

93.82 

3.99 

11.62 

82.20 

X.  Appendix  3 
Data  from  cumal at i ve  curves 

Tabulated  below  are  the  phi  values  at  various  cumalative 
percentages,  measured  directly  from  cumalative  curves 
plotted  from  grain  size  analyses.  P95  refers  to  the  phi 
value  at  which  point  95%  of  the  sample  is  coarser  that  that 
value.  Also  given  is  the  percent  sand  and  silt  in  the 
sample . 


Sample 

P95 

P84 

P75 

P50 

P25 

P  1 6 

P5 

Sand 

Si  It 

D 1 A 

4.3 

3.3 

3.0 

2.3 

1.8 

1  .2 

0.4 

83 

7 

DIG 

11.0 

5.9 

5.2 

4.4 

3.8 

3.4 

2.5 

19 

65 

D2A 

5.6 

4.3 

4.0 

3.2 

2.6 

2.2 

1  .2 

73 

27 

D2B 

5.6 

4.4 

4.0 

3.3 

2.6 

2.  1 

1.8 

73 

27 

D3A 

4.0 

2.8 

2.4 

1  .9 

1  .3 

1  .  1 

0.4 

95 

5 

D4A 

11.2 

6.9 

6.2 

5.3 

4.5 

4.3 

3.7 

6 

87 

D5A 

11.4 

6.5 

5.6 

4.6 

4.0 

3.8 

3.2 

18 

74 

D6A 

11.7 

6.7 

5.8 

4.7 

4.0 

3.7 

3.0 

23 

68 

D6B 

2.5 

2.  1 

1  .9 

1.5 

1  .  1 

0.8 

0.4 

99 

1 

D7A 

13.3 

11.6 

10.2 

7.6 

6.2 

5.8 

4.8 

2 

64 

D7B 

13.3 

11.5 

9.9 

7.4 

6.3 

5.9 

5.3 

1 

68 

D7C 

13.4 

11.6 

10.3 

7.6 

6.  1 

CO 

LO 

4.6 

2 

65 

D7D 

13.5 

11.3 

9.6 

7.2 

5.9 

5.2 

4.0 

8 

66 

D9A 

13.2 

10.8 

8.9 

6.2 

5.2 

4.6 

CO 

00 

8 

67 
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• 

D9B 

13.6 

11.2 

CO 

CD 

6. 

D9C 

12.8 

10.4 

9.4 

6. 

D9D 

13.0 

10.8 

9.  1 

6. 

D9D 

12.9 

10.6 

7.7 

6. 

D9E 

12.3 

CD 

CO 

7.6 

6. 

D10A 

8.  1 

5.6 

5.0 

4. 

D  1  OB 

11.5 

7.4 

6.0 

5. 

D  1  1 A 

7.5 

5.6 

4.9 

4. 

D12A 

5.  1 

4.2 

3.9 

3. 

D12B 

12.0 

LO 

CD 

6.6 

5. 

D12C 

12.9 

9.8 

7.5 

5. 

D  1  2D 

12.2 

8.5 

7.4 

5. 

D12E 

13.0 

9.6 

7.2 

5. 

D12F 

13.1 

9.5 

7.2 

6. 

D12G 

12.8 

9.6 

7.5 

6. 

D13A 

13.0 

9.9 

9.4 

7. 

D14A 

12.8 

10.2 

8.4 

6. 

D15A 

13.2 

11.0 

9.3 

7. 

D15A 

13.2 

11.3 

CO 

CD 

7. 

D16A 

12.3 

9.0 

7.2 

5. 

D16B 

13.1 

11.1 

9.0 

6. 

D16C 

13.1 

11.2 

9.3 

6. 

D  1  7  A 

12.8 

10.2 

7.8 

6. 

D18A 

13.1 

10.0 

7.9 

6. 

D18A 

12.4 

9.2 

8.0 

6. 

D19A 

13.8 

12.  1 

11.0 

8. 

D20A 

11.3 

8.9 

6.9 

5. 
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CO 

LO 

5.1 

4.2 

5 

68 

5.6 

5.2 

4.  1 

10 

67 

CO 

LO 

5.4 

4.4 

4 

70 

5.8 

5.3 

4.  1 

2 

74 

5.2 

4.9 

CO 

00 

6 

78 

4.0 

3.6 

3.  1 

4 

72 

4.4 

4.2 

3.8 

7 

82 

3.9 

3.6 

3.  1 

27 

70 

2.7 

2.3 

2.0 

82 

16 

5.0 

4.8 

4.  1 

7 

80 

5.0 

4.7 

4.  1 

4 

79 

5.3 

4.8 

4.2 

0 

86 

5.1 

4.8 

4.  1 

3 

80 

5.2 

o 

LO 

4.2 

1 

85 

5.6 

5.2 

4.3 

1 

85 

5.6 

5.  1 

4.  1 

3 

77 

4.9 

4.7 

3.4 

2 

79 

CO 

LO 

5.4 

4.6 

1 

72 

5.9 

5.5 

4.5 

1 

70 

4.9 

4.3 

3.9 

6 

78 

CM 

LO 

4.7 

4.  1 

2 

73 

5.6 

5.3 

4.4 

1 

73 

5.5 

5.1 

4.2 

1 

80 

CO 

LO 

5.4 

4.5 

1 

81 

CO 

LO 

5.4 

4.3 

1 

82 

7.  1 

6.1 

4.2 

2 

56 

4.9 

4.5 

4.  1 

1 

88 

5 

4 

9 

7 

1 

2 

0 

4 

4 

6 

8 

9 

8 

0 

3 

6 

5 

0 

0 

8 

4 

7 

2 

6 

7 

5 

7 


D20B 

11.0 

CD 

CD 

6.  1 

5 

D20C 

12.5 

9.2 

7.  1 

5 

D20D 

12.3 

8.9 

7.  1 

5 

D20E 

12.6 

9.  1 

7.0 

5 

D2 1 A 

12.6 

CD 

CD 

7.2 

5 

D22A 

12.8 

10.4 

7.9 

6 

1 A  1 

1  1  . 

,2 

7, 

,2 

5, 

,9 

4 

1  A2A 

1  1  , 

,4 

7, 

,5 

6, 

,5 

5 

1  A2B 

12, 

,6 

7, 

,9 

6. 

,4 

5 

1  A3 

1  1  , 

.3 

7, 

,7 

6, 

,5 

5 

1A4 

10, 

.8 

7, 

.  1 

6, 

,2 

4 

1A5 

12, 

.  1 

9, 

.6 

7, 

,2 

6 

1  B  1 

12, 

.4 

9, 

.  1 

7, 

,8 

6 

1B2 

8, 

.0 

.5 , 

.  1 

4, 

,0 

2 

1B5 

12, 

.6 

9, 

.6 

7, 

,9 

5 

1C2 

12, 

,7 

10, 

.3 

8, 

,5 

6 

1E2 

13, 

.4 

12 

.5 

1  1  , 

,4 

9 

1F2 

10, 

.5 

6 

.3 

5, 

,6 

4 

4.5 

4.2 

3.2 

7 

20 

84 

4.8 

4.4 

4.  1 

1 

83 

4.9 

4.5 

4.  1 

2 

83 

o 

LD 

4.7 

3.9 

1 

83 

4.8 

4.4 

4.  1 

1 

82 

5.4 

4.9 

4.2 

1 

78 

4.  1 

4.0 

3.2 

15 

75 

4.8 

4.4 

4.2 

2 

87 

5.3 

4.8 

3.4 

7 

81 

4.7 

4.3 

o 

CO 

6 

83 

4.  1 

3.2 

1.5 

21 

71 

5.2 

4.9 

CD 

CO 

6 

80 

5.  1 

4.8 

4.3 

1 

83 

1  .3 

0.9 

0.  1 

64  • 

32 

4.5 

4.0 

2.4 

16 

66 

5.  1 

4.  1 

2.4 

14 

64 

7.6 

7.0 

4.9 

2 

49 

4.  1 

00 

CO 

3.0 

1  1 

75 

2 

6 

7 

8 

5 

4 

7 

6 

5 

5 

9 

0 

1 

7 

8 

6 

0 
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XI .  Append i x  4 
Lake  water  temperatures 


Temperatures  are  in  degrees  centigrade  and  depths  in  metres 


Location  Depth  Temperature 


A  1 
A  1 
A  1 


0 

5 

10 


7.5 

6.0 

5.7 


A2  (July  3)  0 

A2  "  5 

A2  10 

A2  (July  4)  0 

A2  "  5 

A2  "  10 


7.0 

6.0 

5.7 

6.5 

6.5 

6.5 


A3 

A3 

A3 


0  6.7 

5  5.5 

10  5.8 


A4 

A4 

A4 


0 

5 

10 


6.5 

5.5 
5.5 
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A5 

A5 

A5 

B2 

B2 

B2 

C2 

C2 

C2 

C2 

C2 

D2 

D2 

D2 

E2 

E2 

E2 

E2 


7.0 

5.8 

5.5 

6.5 
5.8 
5.8 

6.5 

5.5 

5.5 
5.2 

5.5 

6.5 
6.0 

5.5 

7.0 

5.5 

5.0 

5.0 


0 

5 

10 

0 

5 

10 

0 

5 

10 

20 

30 

0 

5 

10 

0 

5 

10 

20 


XII.  Append i x  5 

Suspended  sediment  concentration .  1 ake  water 

Surface'  refers  to  samples  taken  from  the  lake 
surface,  otherwise  the  number  following  the  location  refers 
to  the  depth  below  the  lake  surface. 

Location  Suspended  sediment 

concentration  (g/1) 


D2,  surface  0.297 
D2,  5m  0.082 
D2 ,  10m  0.060 

E2 ,  surface  0.139 
E2  ,  5m  0.040 
E2,  10m  0.053 
E2 ,  20m  0.095 

C2 ,  surface  0.038 
C2 ,  5m  0.069 
C2 ,  10m  0.063 
C2 ,  20m  0.053 
C2 ,  30m  0.070 

B2,  surface  0.007 
B2,  5m  0.055 
B2,  10m  0.041 
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A2 ,  surface  0.038 
A2 ,  5m  0.051 
A2,  10m  0.122 

F2,  surface  0.051 
F2 ,  5m  0.056 


XIII.  Append i x  6 

Suspended  sediment  content ,  inflow  streams 

This  table  contains  the  data  obtained  from  an  hourly 
sampling  of  Hazard  Creek  between  08.00  and  19.00  hours 
on  July  18th,  and  also  samples  obtained  from  three  minor 
inflow  streams  on  the  afternoon  of  July  8th. 


Location  Time  Suspended  sediment 

concen  t  r  a  t i on  ( g / 1 ) 


Hazard 

Creek 

08. 

00 

0, 

.280 

Hazard 

Creek 

09. 

00 

0, 

.206 

Hazard 

Creek 

10. 

00 

0, 

.283 

Hazard 

Creek 

1  1  . 

,00 

0, 

.260 

Hazard 

Creek 

12. 

,00 

0, 

.473 

Hazard 

Creek 

13. 

,00 

1 , 

.211 

Hazard 

Creek 

14. 

,00 

1 , 

.957 

Hazard 

Creek 

15. 

,00 

1 , 

.488 

Hazard 

Creek 

16. 

,00 

1 , 

.883 

Hazard 

Creek 

17. 

,00 

1 , 

.388 

Hazard 

Creek 

18. 

,00 

1 , 

.119 

Hazard 

Creek 

19, 

.00 

1 , 

.335 

Stream  1 

13.00 

0.186 

Stream  2 

14.30 

2.879 

Stream  3 

15.30 

1  .832 
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XIV.  Appendix  7 

Stage  measurements .  July  4th-22nd 

The  measurements  tabulated  are  in  metres  below  or  above 
an  arbitary  zero  point,  taken  as  being  the  stage  at  which 
the  first  measurement  was  made. 


Date 

T  ime 

Stage 

4th  July 

15.45 

0 

5th  July 

18.30 

0 

6th  July 

17.40 

-0.07 

7th  July 

18.00 

-0.17 

8th  July 

17.50 

-0.20 

9th  July 

17.50 

-0.17 

11th  July 

17.30 

-0.13 

12th  July 

17.45 

+  0.03 

13th  July 

18.00 

+  0.03 

14th  July 

18.00 

0 

15th  July 

17.05 

-0.17 

17th  July 

17.00 

-0.05 

18th  July 

15.40 

-0.  15 

19th  July 

17.00 

-0.05 

20th  July 

15.40 

-0.  15 

21st  July 

14.00 

-0.05 

22nd  July 

19.30 

0 
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XV.  Appendix  8 
Stage  measurements ,  July  18th 

Below  are  the  results  of  hourly  observations  of  stage 


made  on  July  18th, 

from  08.00  to  20.00  hrs.  The  stage  is 

measured  in  metres 

from  an  arbitary  zero  point. 

T  ime 

Stage 

08.00 

-0.25 

09.00 

-0.23 

10.00 

-0.23 

11.00 

-0.21 

12.00 

-0.17 

13.00 

-0.15 

14.00 

-0.12 

15.00 

-0.09 

16.00 

-0.05 

17.00 

-0.05 

18.00 

-0.07 

19.00 

-0.07 

20.00 

-0.07 
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XVI .  Append i x  9 
Estimates  of  dai 1y  di scharae 

Tabulated  below  are  estimates  made  of  the  inflow  into 
the  lake  over  a  24  hour  period,  used  as  a  correction  to 
estimate  the  volume  of  water  escaping  through  the 
sub-glacial  tunnel  Qi  is  given  in  metres3 /second . 


TIME 

DISCHARGE 

TIME 

DISCHARGE 

0.00 

14.0 

13.00 

16.0 

01  .00 

13.0 

14.00 

19.0 

02.00 

11.0 

15.00 

21  .0 

03.00 

9.0 

16.00 

23.0 

04.00 

8.0 

17.00 

23.0 

05.00 

7.0 

18.00 

21  .0 

06.00 

6.0 

19.00 

20.0 

07.00 

6.0 

20.00 

19.0 

08.00 

7.0 

21  .00 

18.0 

09.00 

8.0 

22.00 

16.0 

10.00 

10.0 

23.00 

15.0 

11.00 

12.0 

12.00 

14.0 
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XVII.  Append i x  1 0 
Discharge  calculations  and  data 

D  is  the  lake  level  measured  in  metres  from  an  arbitary 
zero  point,  three  centimetres  below  the  maximum  level 
attained.  dD  is  the  difference  in  lake  level  between 
sucessive  measurements,  in  metres,  dt  is  the  time  difference 
between  measurements,  in  thousands  of  seconds.  A  is  the 
surface  area  of  the  lake  at  a  lake  level  halfway  between  the 
bracketing  measurements,  in  metres2* 105  ,  calculated  using 
the  methods  described  in  the  text.  Qa  is  the  overall 
discharge  from  the  lake,  calculated  by  Qa  =  dD/dt.A,  and  is 
given  in  cubic  metres/second  as  is  Qi  and  Qt .  Qi  is  the 
discharge  into  the  lake  from  the  inflow  streams  as  estimated 
in  the  text,  and  Qt  is  the  discharge  through  the  sub-glacial 
tunnel,  given  by  Qt  =  Qa  +  Qi .  V  is  the  volume  discharged 
from  the  lake  at  the  depth  of  interest,  calculated  by  the 
methods  of  the  text,  and  given  in  cubic  metres*  10  . 

Date  Time  D  dD  dt  A  Qa  Qi  Qt  V 

1st  17.20  1.02 

0.08  13.5  1  .  126  -6.6  19.0  12.4  1.050 

21.05  0.94 

0. 13  42.0  1 . 133  -3.510.0  6.5  0.935 


2nd  8.45  0.81 

-0.04  10.5  1.139  -4.3  8.0  3.7  0.851 

11.40  0.77 

-0.14  25.8  1.145  -6.2  21.0  14.6  0.755 


18.50  0.63 
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-0.31  48.3 

3rd  08.15  0.32 

-0.07  19.5 

13.40  0.25 

-0.07  22.2 

19.50  0.18 

-0.02  43.5 

4th  07.55  0.16 

0.00  14.1 

11.50  0.16 

-0.15  27.6 

19.30  -0.01 

-0.04  8.4 

21 .50  -0.03 

0.10  34.8 

5th  07.30  0.07 

0.01  24.0 

14.10  0.08 

-0.07  15.5 

18.25  0.01 

0.11  53.1 

6th  09.10  0.12 

0.01  10.2 

12.00  0.13 

-0.01  12.0 

15.20  0.12 

-0.04  24.0 


.161  -7.5  Lake  full,outflow 

operating  and  thus 
.174  -4.2  estimate  of  tunnel 

discharge  not 
.179  -3.7  possible 

.183  -0.5 

.183  0 

.189  -6.5 

.274  -6.1 

.193  3.4 

.189  0.5 

.194  -5.5 

.190  2.5 

.186  1.0 

.186  -1.2 

.  188 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


-2.0 
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22.00  0.08 

7th  10.55  0.15 

12.05  0.16 

17.45  0.17 

8th  11.45  0.27 

13.10  0.24 

16.20  0.23 

9th  08.25  0.92 

09.05  0.98 

09.30  1.02 

12.25  1.25 

13.00  1.30 

14.05  1.37 

14.30  1.39 


0.07  46.5  1 . 187 

0.01  6.6  1 . 184 

0.02  20.4  1.182 

0.09  64.8  1 . 179 

-0.03  5.1  1.177 

-0.01  11.4  1.191 

0.69  57.9  1.153 

0.06  1 .8  1 . 128 

0.04  1 .5  1 . 124 

0.23  10.5  1.115 

0.05  2.1  1.106 

0.07  3.9  1 . 102 

0.02  1 .5  1 .099 


1.8  9.0  10.8 

1.812.0  13.8 

1.321.0  22.3 

1.611.0  12.6 

-6.9  14.5  7.6 

-1.018.0  17.0 

13.714.0  27.0 

37.6  6.0  43.6 

30.0  7.0  37.0 

25.2  1 1 .0  36.2 

26.3  16.0  42.3 

17.2  17.0  34.2 

14.6  18.0  32.6 


0.1207 

0. 1642 

0. 1750 

0.2406 

0.2732 

0.2514 

0.6280 

1.0190 

1.071 

1.217 

1  .351 

1  .412 

1  .464 
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10th 


15.45  1.46 

16.30  1.50 

17.30  1.57 

18.30  1.63 

1930  1.69 

20.30  1.77 

21.30  1.87 

22.30  1.98 

23.30  2.10 

00.30  2.25 

01.30  2.41 

05.30  3.31 

06.30  3.63 


0.07  4.5  1.096 

0.04  2.7  1.092 

0.07  3.6  1.089 

0.06  3.6  1.084 

0.06  3.6  1 .081 

0.08  3.6  1.076 

0.10  3.9  1 .070 

0.09  3.6  1 .063 

0.12  3.6  1 .055 

0.15  3.6  1 .048 

0.16  3.6  1 .038 

0.90  14.4  1.005 

0.32  3.6  0.969 

0.38  3.6  0.948 


17.121.0  38.1 

16.2  23.0  39.2 

21 . 1  23.0  54.1 

18.121.0  38.1 

18.0  20.0  38.0 

23.9  19.0  42.9 

29.7  18.0  48.7 

26.6  16.0  42.6 

35.2  15.0  50.2 

43.7  14.0  57.7 

46.1  13.0  59.1 

62.8  9.5  72.4 

86.1  7.0  93.1 

100.1  6.0  106. 1 


1  .505 

1  .566 

1.617 

1 .688 

1.748 

1  .818 

1  .909 

2.008 

2.  147 

2.255 

2.412 

2.920 

3.479 

3.806 
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07.30 

08.30 

09.00 

09.30 

10.00 

10.30 

11.15 

11.35 

12.00 

12.30 

13.30 

13.45 

14.25 

14.55 


4.01 

4.45 

4.69 

4.89 

4.97 

5.  19 

5.53 

5.78 

6.25 

6.50 

7.40 

7.62 

8.22 

8.96 


0.44 

0.24 

0.20 

0.08 

0.22 

0.34 

0.25 

0.47 

0.25 

0.90 

0.22 

0.60 

0.74 


3.6  0.925 

1.8  0.906 

1.8  0.894 

1.8  0.887 

1.8  0.878 

2.1  0.863 

1.8  0.849 

1.5  0.830 

1.8  0.812 

3.6  0.785 

0.9  0.758 

2.4  0.740 

1 .8  0.710 


113.0  6.0 

120.0  7.0 

99.3  7.5 

39.4  8.0 

107.4  9.0 

139.8  10.0 

117.9  12.0 

260.2  14.0 

112.9  16.0 

196.1  16.0 

185.4  18.0 

185.0  20.0 

292.1  21.0 


119.0  4.171 

127.0  4.468 

106.8  4.656 

47.4  4.775 

116.4  4.902 

149.9  5.136 

129.9  5.375 

274.2  5.666 

128.9  5.951 

212. 1  6.400 

203.4  6.820 

205.0  7.119 

313.1  7.595 


• 
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15.33 


0.71 

9.67 

0.31 


2.3  0.680 

0.7  0.660 


211.8  22.0 

284.0  23.0 


233.8  8.088 

307.0  8.425 


16.00  10.25 

16.25  10.76 

17.00  11.59 

17.30  12.54 

17.55  13.09 

18.55  14.36 

19.55  16.60 

21.00  19.37 


0.51 

0.83 

0.95 

0.55 

1  .27 

2.24 

2.77 

7.90 


1  .5 

2.  1 

1  .8 

1  .5 

3.6 

3.6 

3.9 

3.6 


0.633  215.2 

0.608  240.2 

0.574  303.  1 

0.550  201  .8 

0.520  183.0 

0.468  291  .4 

0.404  286.7 

0.291  689.0 


23.0  238.2 

23.0  263.2 

22.0  325.1 

21.0  222.8 

20.0  203.0 

19.0  310.4 

18.0  304.7 

17.0  706.0 


8.861 

9.275 

9.831 

10.23 

10.72 

11.61 

12.70 

14.66 


22.00 


27.23 


XVIII  . 


Appendix  1 1 


Pi  stances  of  sect i ons  from  source 

The  distance  from  the  mouth  of  the  inflow  stream 
is  given  in  metres. 


Sect i on 

Di stance 

Sect  ion 

Di stance 

D 1 

100 

D 1 2 

800 

D2 

100 

D  1  3 

970 

D3 

300 

D  1 4 

1020 

D4 

460 

D  1 5 

1070 

D5 

450 

D  1 6 

1000 

D6 

450 

D  1  7 

890 

D7 

1  100 

D  1 8 

2000 

D9 

930 

D  1 9 

1700 

DIO 

150 

D20 

570 

Dll 

75 

D21 

650 

D22 

680 

219 


I .  Append i x  1 2 


Samp 1 e  descr i pt i ons  and  locat i ons ;  sect i ons 

Unless  stated  all  samples  are  channel  samples  through 
the  intervals  given. 


Samp  1 e 

Depth 

Descr i pt i on 

Number 

(m) 

D  1 A 

0.00-0.21 

Massive  sand 

DIB 

0.51-0.68 

Gravel ,  massive 

D1C 

0.91-0.94 

Massive  fine  grained  sand/silt 

D2A 

0.09-0.  16 

Laminated  silts/sand 

D2B 

0.36-0.39 

Cross  laminated  sands 

D3A 

0.09-0.36 

Poorly  bedded  medi um/coarse  sands 

D4A 

0.36-0.39 

Lami nated  silts 

D5A 

0.25-0.45 

Lami nated  silts 

D6A 

0.30-0.41 

Laminated  silts/fine  sand 

D7A 

0.53-0.55 

Laminated  silts 

D7B 

0.60-0.65 

Lami nated  silts 

D7C 

0.66-0.72 

Laminated  silts 

D7D 

0.77-0.81 

Lami nated  silts 

D8A 

0.52-0.84 

Laminated  silts 

D9A 

0.00-0.  19 

Poorly  bedded  sand 

D9B 

0.20-0.28 

Laminated  silts 

D9C 

0.28-0.40 

Lami nated  silts 

D9D 

0.68-0.73 

Lami nated  silts 

D9E 

0.80-0.83 

Lami nated  silts 
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D10A 

0.29-0.33 

D 1  Ob 

0.45-0.50 

D 1 1 A 

0.60-0.72 

D12A 

0.17-0.28 

D12B 

0.30-0.35 

D12C 

0.40-0.45 

D  1 2D 

0.50-0.55 

D12E 

0.60-0.65 

D12F 

0.70-0.75 

D12G 

0.80-0.84 

D13A 

0.01-0.27 

D14A 

0.01-0.46 

D15A 

0. 18-0.58 

D16A 

0.11-0.15 

D16B 

0.45-0.50 

D16C 

0.85-0.90 

D17A 

0.03-0.55 

D18A 

0.06-0.20 

D19A 

0.00-0.40 

D20A 

0.05-0.70 

D20B 

0.10-0.15 

D20C 

0.20-0.25 

D20D 

0.40-0.45 

D20E 

0.65-0.70 

D2  1 A 

0.11-1 .21 

D22A 

0.01-0.41 

Graded  beds,  sand/silt 
Lami nated  silts 
Sand/silt,  flat  bedded 
Cross  laminated  sand 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 
Lami nated  silts 


